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PREFACE 



TO THE THIRD EDITION. 



A New Edition of my Course of Qualitative Chemical Analysis 
having become necessary, within less than two years from the 
appearance of the last Edition, I have again been guided in 
making alterations and additions by the experience I have 
gained of the working of the book with large Laboratory Classes. 
The rapid progress made by students who are not afraid of 
grappling with difficulties, and the sound and thorough analy- 
tical knowledge which they are able to acquire, in a much shorter 
time than formerly, have proved to me, that I have not over- 
taxed their powers. Nor have I done anything to encourage a 
belief that a knowledge of Chemical Analysis can be acquired by 
merely practising mechanically a few tests, without going more 
fully into the subject. Analysis forms, in my opinion, the key to 
a sound chemical knowledge. It calls forth more preeminently 
than any other study, the powers of observation and generali- 
sation. Habits of combination and close mental reasoning 
have to be cultivated in no mean degree. Being based upon 
facts, the verification of which experiment places within the 
reach of every one, any conclusion drawn from actual observa- 
tion can be speedily put to a practical test. As a means of 
mental training Chemical Analysis, if properly practised, cannot 
fail to take a foremost place in General Education. 

The methods employed in the present Work have stood the 
test of many years' practice. They are, I believe, well suited 
to promote accurate and expeditious work. A student who 
applies himself steadfastly to the study of Analysis, usually 
gets through the Course in about six months, and has time left 
to gain some practice, also, in quantitative Analysis during his 
first year's study. The foundation for this latter branch of 
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VI PREFACE. 

Chemistry having been laid by the Qualitative Course, he has 
usually only to acquire the necessary manipulatory skill to 
conduct quantitative operations successfully. 

I stiU adhere to the opinion expressed in the Preface to the 
Second Edition, viz., that the usual systematic course of quali- 
tative analysis should not be unnecessarily complicated by 
taking cognisance of the reactions of the Earer Metals. I have 
therefore treated them, somewhat more fully than is usually done, 
in an Appendix, retaining as much as possible the individuality 
of the metals, and the classification which nature itself has 
traced out for them. I trust that the additions which I have 
made will not impair the favourable opinion or damp the warm 
reception which the Book has hitherto enjoyed. 

The analytical Tables are now published also in a separate 
and less destructible form, printed on Messrs. De la Rue's parch- 
ment paper. 

Chemical Labobatobies, 
SciEKCE Schools, 
South Kbnsinqton, 
November^ 1874. 
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Chapter I. 

DEFINITION OF QUALITATIVE ANALYSIS. — RE- 
AGENTS. — CHEMICAL OPERATIONS. -- GROUP- 
REAGENTS AND SPECIAL REAGENTS. 

Chemical analysis consists in the performance of certain experi- 
ments : — ^with the object of putting, so to speak, certain questions 
to a substance, in order to ascertain the presence or absence of 
certain bodies. It is termed qualitative analysis, if the answer which 
is received reveals merely what kind of matter is present (from 
qualis), without regard to quantity. It is essential that these 
questions should not be put at random, but according to a well- 
considered systematic order ; and that the answers should be inter- 
preted correctly. 

There exists a resemblance between certain elementary as well 
as certain compound bodies ; at the same time the metallic, like the 
non-metallic elements, bear the stamp of a marked individuality 
which renders every classification, from whatever point of view we 
attempt it, more or less difficult — a difficulty which extends likewise^ 
to the various compounds which the elements form. Thus silver, 
which is classified with the monad metals potassium and sodium, 
differs in a marked manner from the alkali metals. Iron, which 
exists in the dyad form in FeCls (ferrous chloride), and in the 

r FoCL 
tetrad condition in < vaP] (ferric chloride), partakes in the dyad 

form of the character of the isomorphous diatomic metals of the 
magnesium group, e.^., manganese and zinc, and resembles in the 
tetrad form aluminium and chromium. Copper, which in its cuprio 
compounds offers certain points of resemblance to the magnesium 
group, resembles also in many respects the metals of the mercury 
group ;* the general composition of the cuprous and mercurous and 
the cupric and mercuric oxides and chlorides being the same. 
Inorganic (as well as organic) compound bodies bear, for the most 
part, the impress of the elementary bodies which enter into their 
composition ; and compounds built up of elements which have equal 
numbers of bonds, frequently show a certain analogy in their struc- 
ture as well as a considerable similarity in their reactions. In 

* H. Wuts, Le9onB de Philosophie chimique, p. 170. 
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sindjing the chemical changes to which the yarious bodies — elemen- 
tary or compound — can be submitted, our attention must be mainly 
directed towards discovering and defining this similarity and dis- 
similarity. 

We employ reagents as the means of producing chemical changes. 
By reagents are meant bodies — either elementary or compound — 
which are capable of reacting upon and revealing to us the nature of 
the substances under examination. They are usually divided, with- 
out any strict line of demarcation, into two classes, viz., general and 
special reagents. General reagents are those which separate a number 
of substances — groups in &ct — ^at one operation ; and special reagents 
those which are used to a limited extent only, and for the detection 
of inrlividual substances. 

In a laboratory the general reagents are most conveniently 
arranged over the working table within reach of each operator ; 
whilst the special reagents intended for the use of a number of 
chemical students, are usually placed in a freely accessible part of 
the laboratory. 

A list of reagents, as well as directions for their preparation, 
will be found in an Appendix. Chemical students who have not 
the advantage of working in a well-appointed laboratory, should 
devote much attention and care to the preparation of the reagente. 

Chemical Opemtlons. — ^We add a 
reavent to a solution of an unknown 
body either by pouring it directly from the 
bottle or by runnine it from a pipette, as 
shown in Fig. 1, with the view of producing 
a precipitate, t.0., of converting the body 
from the soluble to the insoluble state. The 
reaction which takes place is mostly a change 
by double decomposition. Sometimes a pre- 
cipitation is produced by Toltaic action, 
sometimes merely by the substitution of 
one solvent for another. One or mora 
bodies may be precipitated by one and the 
same reagent. As most precipitatee are 
heavier than the liquid in whicn they are 
suspended, they fall to the bottom with 
more or less rapidity ; and the supernatant 
liquid may often be poured offer decanted, 
without much disturbing the precipitate. 
This mode of separating fluids nrom preci- 
pitates is by far the most expeditious, and 
should be resorted to whenever it is appli* 
cable. The precipitate may be washed in 
the vessel itself by treatment with hot water 
and repeated decantation. 

When a large quantity of a fluid has to 
be removed from a precipitate, it is best 
to siphon off the supernatant fluid. The 
precipitate may be washed with water, and 
the wash-water siphoned off repeatedly. 

Small quantities of a precipitate which 

do not subside readily are mora quickly 

Flo. 2. separated by Utratton. For this purpose 
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i>ed,moetlj of gloM, conical in shape, and inclined at an angle of 60°. 
Tbejmajbe conyemently gupportedonawoodBnel*iid, Fig. 2,or8niron or brass 
■IterlilK •tMM OB Ken in Fig. 3. The flltcrlUK paper should be poroiu and 
unsizedj and cut in the form of a round elieet, which bj being folded twice in 
the shape of a qnadrant, forms, on opening up, a psper oone, at an angle of 
60°. The dltcr should exactl;r At the funnel, williout r^oahing quite to the ' 
rim, and should be moistened in the funnel with distilled wafer before any 
liquid a poured through it. As most Linda of filtering paper contain traoea of 
iron, Ijmo, silica, etc., — with the eiception of the eo-ealled Swedish filtering 
paper, which oontoins scarcely perceptible traces of mineral subslances, — acid 
liquids frequently dissolve out traces of these bodies. In all accurate analyses the 
filtering paper should, on this account, be washed first with dilute hydrochloric 
or nitric acid, and then with hot water, before being used ; or else Swedish filler 
paper only should be employed. 

Most precipitates retain with great pertinacity traces of the fluid in which 
they were suspended, and it is therefore of the utmost importance to thoroughly 
wash them in order to obtain accurate 
rpsulte. For this purooee a w«ah-bottlB 
(fig. 3) is emptoycd, whereby a fine jet 
of hot or cold distilled water can be di- 
rected on to the filter in such a manner as 
to loosen and detach the precipitate from 
tbe pa]ier. The liquid should a< 
quite fill the filler, as some precipitE 
have a tendency to creep up and to gat 
between tbe paper and Uie glass, and are 
carried into the llltrstc. This would 
entail repeated filtration. Tbe washine 
of a precipitate on the Alter is cSected 
most rapidly by allowing the wash-water 
to ran olf entirely each time before adding 
fresh quantities of distilled water. By re- 
peating this four ol^ five times, most pre- 
cipitates will be found sufflcienlly washed rw. 3. 
for qualitative purposes. 

The student should guard himself aniinst using loo large a quantity of the 
substance which he wishes to examine. Heavy precipitaties entail much washing, 
an oi^eratiou which is most tedious and yet indispensable. 

Tiat (nfeea answer the purpose of precipitation and separation in qualita- 
tive analysis, especially as there is generally no need for collecting the wash-wat^r 





CHEMIOAL APPARATUS. 




or adding it to the main filtrate. These tubes axe conyenientlj placed in a test* 
tube stand (Fig. 4i>. After being well cleansed bj the aid of a test-tube 
brush, and rinsed out with distilled water, they should be set aside to drain in a 
basket. 

Beakers are sometimes employed if an analysis inyolyes the separation of a 
small quantity of one substance from a large amount of another, and when, of 
necessity, large quantities of the substance must be operated upon. 

Porcelain dlahea are employed for the purpose of concentration, or eyapora* 
tion and ignition. They can be heated either by means of a spirit lamp 

(Fig. 6), or a so-callea Bersellns lamp (Fig. 6), 
or, where coal-gas can be procured, by means of a 
Bnnsen gwm lamp, provided with a rose top. 
Sometimes a sheet of iron wire gauze or a sana- 
bath is interposed between the porcelain yessel and 
the gas flame, and is supported on a retort ring, 
or tnpod stand. Illustrations of conyenient tripod 
supports for porcelain and glass yessels, which 
prevent at the same time the flame from being 
blown about, have been given in my Introduction 
to Inorganic Chemistry. 

If solid substances have to be examined, they 
should always be powdered in a mitrtar — an 
agate mortar should be employed for hard sub- 
stances, such as minerals — beforo being dissolved 
in vmter, acids, &c. 

Reactions involving the use of yaluable re* 
agents — such as salts of gold, platinum, silver — 
should be performed on wateh-slasses, with 
small quantities of the substance only. 

'For the lirnltlon of precipitates we employ 
mostly porodain crucibles, or small porcelain 
dishes. 

A knowledge of qnalitatiye analysis 
enables 
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1. To recognise vdth speed cmd certainty 
the presence of various elementary 
and compound bodies, 

2. To effect their separation from each 
other. 

In order to accomplisli tliis we shall 
study more particnlarly those chemical re- 
actions — ^botn in the dry and in the wet 
way — which are essential ; but shall endeavour, at the same time, 
to give as complete a view as possible of other chemical changes 
which serve the purposes of qualitative analysis, and which on this 
and other grounds possess considerable interest. 

It is for many reasons desirable to confine the laboratory course 
at first to the study of the more important elements and their com- 
pounds ; we shall, however, treat of the rarer elements and their 
compounds in an Appendix. 

There are certain reagents which effect the separation of a 
number of bodies contained in a common solution, leaving all the 
others in solution. Such general reagenU are then called group- 
reagents. 
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DiBsolve in water small quantities of 

Argentio nitrate* 
Cuprio nitrate. 
Cobaltio 
Baric 
Potassic 
To the solution add — 

HCl, a white cwrdy precipitaie is obtained, which consists of arffentlo 
chloride, AgOl ; filter. To the filtrate add— 

SHs, a huicle precipitate is obtained consisting of cuprio aulphldc, OuS ; 
filter again, and to the filtrate add— • 
Ama, "] 

^ A htach precipitate comes down consisting of cobaltons aalphldOt 
^'^ filter, and to the filtrate add — 



AmHo, 

and 
SAm< 



3- J 



OoS 



OOAmos, a white precipitate is obtained, oonsistinff .of baric carbonate, 
OOBao'' ; filter, eyaporate the filtrate and ignite to drive off the ammonic salts. 
A white saline residue is left, containing the potassic salt. 

What were the chemical changes that took place P 
The changes were evidently produced hy tJie rrmtual exchange of 
elements in two bodies (changes bj double decomposition) : t.d., the 
hydrochloric acid added in Gbonp I to the solution of the metallic 
nitrates, exchanged its hydrogen for the silver of the argentic nitrate; 
and the sulphuretted hydrogen exchanged its hydrogen for the met-al 
copper, leaving nitric acid and cupric sulphide, etc. 

The reactions will be readily expressed by equations, thus : — 



NOsAgo 

Argentio* 
nitrate. 

Cupric 
nitrate. 

Cobaltous 
nitrate. 

Baric 
nitrate. 



HOI 



SH. 



SAmg «» 



OOAmos «> 



AgOl 

Argentic 
chloride. 


+ 


HOaHo. 


OuSf 


+ 


2NOsHo. 


Cupric 
sulphide. 






OoS 


+ 


211'OsAmo. 


Cobaltous 
sulphide. 






OOBao" 


+ 


SNOsAmO. 


Baric 
oarboni(te< 


1 





Silver, copper, cobalt, and potassium are, however, not the only 
metals which might have been separated by these same reagents. 

The table on the next following page exhibits the five groups 
into which all metallic bodies classify themselves on the addition of 
the several group-reagents. 

* Solutions of salts of the different metals containing five milligrammes of the 
metal in a cubic centimetre are conveniently prepared and kept for use. 

t It is immaterial whether we write SCu or OuS, since both sulphur and 
copper Are dyad elements. 
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GROUP-REAGENTS AND SPECIAL REAGENTS. 7 

Thus far ^roitp-reagents assist ns in separating bodies, bnt when, 
as in Gronp IV, the white precipitate produced by the gronp- 
reagent, COAmo2, leaves ns still in doubt whether a barium, stron- 
tium, or calcium compound was present in the solution, further 
experiments must evidently be made with a view of completely 
identifying the substance under examination. This the student 
will only be able to do by making himself first practically familiar 
with the different changes or reactions which the members of the 
various groups of metals can be made to undergo : and after under- 
standing the use of the group-reagents, he should direct his atten- 
tion to the special reactions which distinguish and separate one vietal 
from another or from several others. This may frequently be done 
in more than one way ; one reaction, however, as a rule, deserves 
the preference over others, on account of the greater exactness 
which distinguishes it, or on account of increased &cility of execu- 
tion, or of both. 

Certain reactions, lastly, will have to be studied, which are not 
directly available for the separation of the members of a group 
from each other, but to which considerable interest is attached 
as being illustrative of some valuable property or other of the 
metals. 

The tabular form, which is, no doubt, the most compact and 
summary mode of arranging chemical reactions, will often be adopted 
for embodying such reliable and expeditious methods of separation 
as have stood the test of experience in the laboratory. The direc- 
tions given will be concise and divested of all explanatory matter. 
On no account should a student use any tabular directions, however, 
without first having made himself practically acquainted with the 
details of the reactions ; and to counteract any pernicious influence 
which the use of tables might have, the student should learn to 
draw up tables for the several other processes of separation which 
ai-e frequently possible. 

A deviation from the natural course of studying the reactions of 
the metals by beginning with Group I, and so on, will be justified 
on- the ground of greater simplicity, and on account of the far 
greater importance which is attached to the metals of Group Y, 
especially the alkali metals. Experience has shown that students 
have less difficulty in mastering the reactions by reversing the order 
of the groups, beginning with the study of the alkaU and alkaline- 
earthy metals ; and that a thorough knowledge of the metals of these 
groups is of material assistance in understanding the qualitative 
changes to which the metals proper are subjected. 

The chemical nomenclature employed in this work is that of 
Dr. Frankland. It will be found fnUy explained in my Introduction 
to Inorganic Chemistry. An experience extending now over several 
years has shown that it is readily mastered and greatly appreciated 
by students. It is both comprehensive and logical, for it does not 
require one kind of formulsB for inorganic and another for organic 
bodies, and it complies with the law of atomicity, observed for the 
different elementary bodies. The little o employed by Dr. Frankland 



8 POTASSIUM. 

in writing the different componnd basilons radicals, such as Ho, Ko, 
Bao", Bio'", Also^, etc., has tended occasionally to mislead beginners. 
It will be found nsefnl in all such cases to practise writing these 
same radicals with a big O, and nsing the bracket, with the atomi- 
city indication placed outside the bracket, thus: — (OH), (OK), 
(OaBa)", (OaBi)^", (0«Ala)^. We shall employ these formul» occa- 
sionally. Students have as a rule no difficulty in transcribing con- 
stitutional into empirical formulsd, a practice which may precede 
with advantage percentage calculations. 



Chapter II. 

BEACTIONS OF THE METALS OF GROUP V. 

This group comprises the metals potassium, sodium, ammonium, and 
MAGNESIUM, which are not precipitated by any group-reagent. 



1. POTASSIUM, K. — Occurs in nature only in a few minerals, 
of which nitre or saltpetre is the most important. Potassium is 
present in larger or smaller quantities in a few silicates and sul- 
phates, such as felspar, cdumstone. It is also found in the ashes of 
plants (crude potashes), and in the form of chloride in saline deposits 
(at Stassfurth, in Prussia, and elsewhere). 

REACTIONS IN THE DRY WAT. 

Potassium compounds, when heated on platinum wire in the 
inner flame of the blowpipe, impart a ylolet eoloar to the outer 
flame. 

This applies more pftrtioolarly to potassio salts which are Yolatile without 
deoomposition at a rery strong heat (such as potassic chloride, bromide, aad 
iodide) or which are decomposed by heat ; but not to non-yolatile potassic salts, 
such as phosphates or borates, which giye scarcely any flame reaction. The pre- 
sence of sodium compounds giyes rise to an intense golden-yellow flame, and con- 
ceals the potassium reaction ; but when seen through a blue glass, or indigo-prism, 
the yellow or sodium flame is entirely cut off, and the potassium flame b^mes 
distmotly yisible, and is tlien of a rich reddith^violet colour. 

BEACTIONS IN THE WET WAT. 

We emplot a solution of potassic chloride, KGl. 
PtCU (plmtlnlo chloride) precipitates from potassic solutions 
which are not too dilute, a yeUoto crystalline precipitate of potattle 
plmtlnlc chloride, 2KCl,PtCl4, insoluble* in alcohol and ether, as 
well as in acids. 

* The degree of solubilitj of a precipitate in different media can only be 
ascertained by laborious quaiUitaiive experiments. The student will therefore be 
expected to yerify onlj those statements respecting the solubility of the precipi- 
tates which require no quantitaliye knowledge. 
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(COHo 
OHHo (tATtarle ael4) precipitates tohite cryatcMine bydrto potassle 
OHHo rOOEo 

COHo tartrate, I OHHo ^^ neutral and eufficientlj concentrated 

LoOHo 
solutions. The precipitate settles rapidly, especially on shaking or stirring. 

2HF, SiF4 (hydrolluoaillclc acid) gives a wkUe gelatiwmt precipitate of 
potasalc •Ulcolluorldc, 2EF,SiF4. 

Potassic salts are for the most part soluble in water, hence so 
few reactions ; the hydrate and carbonate constitute two important 
reagents, on account of the great affinity which the powerful base 
potassa possesses for the acids with which the metals of other groups 
may be combined. 



2. SODIUM^ Na. — Occurs in nature in vast masses, as rock salty 
NaCl ; as carbonate, in native soda, CONao2,10OH2, and in trona, 
O0Nao,,2C0HoNao,3OHa ; as nitrate, in cubic nitre, or Chili salt- 
petre, NOfNao; as sulphate or glauher salt, SOaNaosjlOOHa; as hibo- 
rate, B4O0Naoa,lOOHa ; as glavherite, SaOiNaosCao", and as cryolite, 
6NaF,Al2F6, and in many silicates, of which albite may be taken 
as the representative. All natural sodium compounds, with the 
exception of the last two minerals, are soluble in water. 

reactions in the dry way. 

"We almost exclusively rely for the detection of sodium upon 
the characteristic colour — an intense solden yellow — which its com- 
pounds impart to the outer flame of the blowpipe. Some sodic salta 
are readily recognised by their characteristic taste, especially rock 
salt and cubic nitre. 

REACTIONS IN THE WET WAY. 

We employ a solution op sodic chloride, NaCl. 

Sodic salts are even more freely soluble than potassic salts, 
and platinic chloride or tartaric acid give no precipitates. Hydro- 
fluosilicic acid gives a gelatinous precipitate from concentrated 
solutions only. 

SbO^Ko (potassic metantlmonlate) produces a white crystalline pre- 
cipitate of sodic metantlmonlate from neutral or alkaline solutions, if they 
are not too dilute. The precipitate is insoluble in alcohol. (The solution should 
only contain alkali metals.) 

Sodic hydrate and sodic carbonate act in every respect like 
potassic hydrate and carbonate. Pure sodic hydrate is now prepared 
from the metal sodium, and deserves the preference over potassic 
hydrate.* 

* The student who has not the advantage of attending a course of lectures on 
cbemistiy should make himself familiar, by reading a good Manual of Chemistry, 
with the properties of the yarious salts of potassium and sodium, also with the 
interesting processes of manufacturing sodic carbonate from the chloride ; sodic 
silicate (waier'Sflatt) ( potassic chlorate, &c., &c. 
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3. AMMONIUM.— Am = NH4. 

EEACmONS IN THE DRY WAY. 

Amnionic salts, when heated in a test-tube, yolatlllze, either 
entirely or partially. Salts with fixed acids, such as phosphoric 
acid, lose ammonia^ NH3. Salts of ammonium with volatile acids 
can be volatilised, either with decomposition, such as the nitrate, 
nitrite, sulphate ; or without decomposition, such as the chloride, 
bromide, iodide : the latter salts condense again unchanged ; they 
sublime^ and are found in the upper part of the test-tube. 

REACTIONS IN THE WET WAY. 

We employ a solution of ammonic chloride, AmCl. 

PtCli produces a heavy yellow precipitate of anunonle platlnie 
cUoiide, 2AmCl,PtCl4. The precipitate is soluble in much water 
(hence there appears no precipitate from dilute ammonic solutions) ; 
but insoluble in alcohol and ether. Ammonic platinic chloride 
leaves on ignition only spongy platinum. (Distinction from 
PoTASSic Platinic Chloride, which leaves spongy platinum and 
pot^sic chloride, Pt + 2KCI.) 

Tartaric add produces from a concentrated solution of ammonic chloride 
a white crystalline precipitate of hydrtc amnionic tartrate, resembling the 
potassium precipitate in its properties. The two precipitates are readily distin- 
guished on ignition. Hydnc potassic tartrate leaves a carbonaceous residue, 
which is strongly alkaline, and dissolves in water (potassic carbonate) ; the other 
leaves merely a residue of carbon, devoid of any alkaline reaction. 

Ammonic salts are decomposed with evolution of ammonia gas 
when heated with a hydrate of an alkali (KHo, NaHo), or alkaline 
earthy metal (BaHo2, CaHo2), thus : — 

2AmCl + CaHoa = 2NH3 -h CaCla + 2OH2. 

Neutral salts of certain poly basic acids, e.^., well dried alkaline 
chromates, borates, phosphates, etc., readily decompose ammonic 
salts, with evolution of ammonia gas and formation of acid salts, 
thus: — 

r CrOaKo 
2CrO,Ko2 + 2AmCl = ^ O + 2NH8 + 2KC1 -h OH,. 

tCrOjKo 

Ammonia gas is readily recognised, 1st, by its pungent odour ; 
2nd, by its turning red litmus 'paper, moistened with a drop of dis- 
tilled water, blue ; 3rd, by Us combining with the vapour of volatile 
acids (such as hydrochloric acid) to form white fumes (AmCl). 

Nessler*8 test* for traces of ammonia. — If a potassic solution of 
potassic mercuric iodide, 2KI,HgIt, be added to a fluid containing 
mere traces of ammonia or of an ammonic salt, a brown precipitate 
of dimercurammonic iodide or a yellow to brown coloration is pro- 
duced, according to the quantity of the ammonium compound 
present — 

* For the preparation of Nessler's solution, sco Appendix. 
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2(2KI,HgI0 + l^KHo + NH4H0 = NHg"aI,OHa + 7KI + 30Ho. 

Brown pp. 

Amnionic hydrate and carbonate, as well as varions other 
ammoniam compounds, e.g., ammonic chloride, are among the most 
useful reagents which we possess. 

QUESTIONS AND EXERCISES. 

1. Mention some natural compounds in which potassium occurs. 

2. How are potassium compounds recognised in the wet way ? 

3. How can potassium and sodiiun compounds be distinguished before the 

blowpipe flame ? 

4. State how you would ascertain whether the yellow precipitate produced by 

platinic chloride indicates the presence of a salt of ammonium or potas- 
sium, or of both. 
6. How can hydrio potassic tartrate be distinguished from hydric ammonic 
tartrate? 

6. How can sodium compounds be recognised in the wet way ? 

7. Which sodic salts are found native ? , 

8. What changes do the following ammonic salts undergo upon ignition: — 

ammonic chloride, ammonic nitrate, ammonic nitrite, ammonic phosphate, 
POAmoa, ammonic carbonate, OOAmos, ammonic iodide ? 

9. How is spongy platinum prepared P 

10. How would you test for mere traces of ammonia ? 

11. How much spongy platinum is obtained from 2*345 grms. of ammonic 

platinic chloride ? 

12. How much dry ammonia gas by volume (litres) and weight can be obtained 

by distillation with calcic hydrate from 5 grms. of ammonic chloride ? 

13. How would you examine a mixture containing ammonic chloride and potassio 

chloride ? 

14. 2 grms. of the mixed chlorides of potassium and sodium gave by precipi- 

tation with platinic chloride 3*671 grms. of potassic platinic cnloridr, 
2KCl,FtCl4 ; what is the percentage of potassium and sodiiun in the 
mixed chlorides ? 

15. A mixture of 1*5 grm. of sodic and ammonic chloride lost on ignition *234 

grm. ; what is the percentage of ammonic and sodic chloride present in 
the mixture ? 

16. Calculate the percentage composition of borax. 



^ 4. MAGNESIUM, Mg.— Occurs in nature as oxide, in the 
miaeral periclasey MgO; as htdratb in bntcite, MgHoa; as carbonate 
in magnesite, COMgo", and in hydramagnesite, CsOHo2Mgo"4,30H2; 

CO 

as DOUBLE CARBONATE in dolomite, QQCao"Mgo", and medtine spar, 

CO 

QQMgo'Teo"; as sulphate in epsomiie, SOHo,Mgo",60H2; as phos- 

PHATB in wagnerite, PaOaMgo"22 ( ^Mg" j ; as silicate in peridote, 
SiMgo'i, mstatUe, SiOMgo", steatite, Sii05Mgo"3, talc, SijOeMgo"*, 

serpentine, QiUq^^q'i^E^" j fneerschaum, Si302Ho4Mgo"2, and in 

SiO 
diopside, g^QCao"Mgo"; and lastly, as borate in horacite, BgOgMgo^'s. 
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I 

REACTIONS IN THE DRY WAT. 

The most characieristic reaction for magnesia in the dry way is 
the pale rose colour which this alkaline earth acquires on moistening' 
with cobaltoas nitrate, and then igniting it once more strongly on 
charcoal. 

This colour can, howeyer, only be relied on when no other metallic oxides are 
present ; and as magnesium salts do not colour the outer blowpipe flame, recourse 
must almost inyariablj be bad to the reactions in the wet way. Ignition of the 
sulphate on charcoal in the reducing flame yields the sulphide, DCgS. Prolonged 
igmtion of the carbonate yields caustic magnesia, which is almost insoluble in 
water. 

REACTIONS IN THE WET WAT. 

For this purpose a solution of magnesic chloride, MgCls, or 
MAGNESio SULPHATE, SOjMgo", (S02(02Mg)",) is employed. 

Magnesia is not precipitated by ammonia in the presence of 
amnionic chloride, because it forms a sohihle double chloride^ 
2AmCl,MgCl2. In the absence of ammonic chloride, part of the 
magnesia is precipitated as hydrate, MgHo2, thus : — 

2MgCl, + 2AmHo = MgHoa + 2AmCl,MgGl2. 

Soluble double chloride. 

In the presence of a sufficient amount of ammonic chloride, the 
magnesic hydrate is at once decomposed into magnesic chloride 
(MgHoa + 2AmCl = MgCU + 2AmHo), and no precipitation takes 
place, nor is the double chloride precipitated by ammonic, sodic, or 
potassic carbonate. Hence magnesium cannot be precipitated in 
Groups III and IV, provided a sufficient cumount of ammonic chloride 
he present, and the solution be kept sufficiently dihUe, 

Potassic, sodic, calcic, and b£u:ic hydrate precipitate white 
mavnealc hyAmte, nearly insoluble in cold and hot water. Ammonic 
chloride, as well as other ammonic salts, dissolve it readily, or, if 
originally present in sufi&cient quantities, prevent its formation. 

Sulphuric, hydrofluosilicic, and oxalic acid form soluble magnesic 
salts. 

POHoNaoa (bydrle dlsodle pho«pli«te) precipitates kyOrle mav- 
neslc phosphate, POHoMgo". 

The precipitation is complete in the presence of ammonic chloride 
and ammonia. POAmoMgo",6Aq9 ammonle mavnealc phasphatCt 
falls as a white crystalline precipitate. The separation from a dilute 
solution of a magnesic salt is promoted by gentle heat, and by 
stirring with a glass rod. The precipitate is but slightly soluble in 
water and ammonic salts. In water containing ammonia it is 
practically insoluble. DDute mineral acids dissolve it as well as 
acetic acid. From very dilute solutions the precipitate separates 
only on standing for about 24 hours in a warm place. 

On hestdng magnesic chloride with precipitated mercnrio oxide, the chloride 
la converted Into oxlde» mercuric chloride beins rolatilized. Thii experi- 
ment must be conducted in a closet which is proTided with a good indraught of 
air, and is in connection with a ohimnej flue. 
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Methods for the recognition of Mg, K, Na, and Am will readily 
suggest themselves, if we bear in mind — 

1st. Ths volatility of amnionic salts (phosphates and borates 

excepted). 
2nd. The insolubility of MgHo2 if^ water, 
8rd. The insolubility of 2KCl,PtCl4 in alcohol. 
4th. The intense yellow coloration which sodium imparts to the 

blowpipe flame. 

A solution containing salts of Mg, K, Na, and Am, may be 
examined as follows : — 

Ist. Heat a portion with NaHo ; ammonia gas is given off, which is recognised 
bj its pungent odour, etc. — presence of Am. 

2nd. To a second portion add AmCl, AmHo, and POHoNaos, a white cryatalline 
precipitate indicates the presence of ICg'. 

8rd. Eyaporate a third portion to dryness and ignite strongly. Extract with 
hot water, and ada BaHos till the whole of the magnesia is precipitated 
as ICffHoi ; filter. To the filtrate add OOAmoa, <m long as a precipitate 
is produced, and filter again. Eyaporate the filtrate to dryness, and ignite 
strongly to expel ammonic salts. Dissolve the residue in a little water, 
filter off a trace of DCgrO (if any), and test filtrate for potassium by means 
of PtCli ; a yellow cryttalUne precipitate — presence of K, and for 
sodium, by heating on a platinum wire before the blowpipe flame; a 
golden yellow flame indicates the presence of Na. 

QUESTIONS AND EXERCISES. 

1. How is magnesic sulphate prepared — 1st from metgnesite; 2nd, from 

dolomite ? 

2. Which are the most important magnesium minerals? Give constitutional 

and graphic formula. 
8. How is magnesium detected in the dry way ? 

4. Explain the action which ammonia, potassic hydrate, and sodic carbonate 

haye upon solutions of magnesic salts in the presence of ammonic salts, 
and also without them. 

5. Describe fuUy the most characteristic reaction for magnesic salts in the wet 

way. 

6. How is magnesic chloride converted into oiide in the dry way P 

7. How is magnesium separated from potassium and sodium P 

8. Calculate the percentage composition of magneeite and epsomite. 

9. How much oiystallized magnesic sulphate, SOHosMgo'^^GOHa, can be pre- 

pared from one ton of pure magnesite? 



Chaptee III. 

REACTIONS OF THE METALS OF GROUP IV. 

This gronp comprises the metals barium, sf&ONTiUM, calcium, which 
are precipitated by ammonic carbonate from an ammoniacal solution 
in the presence of ammonic chloride. The latter prevents the pre- 
cipitation of magnesium (if present in sufficient quantities). 

1. BARIUM, Ba. — Occurs in nature chiefly in the form of 
heavy spar, SOtBao", and as witheritey COBao". 
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I 
REACTIONS IN THE DRY WAT. ' 

Barinin componnds, when heated on platinum wire in the inner 
blowpipe flame, impart a yellowish vreen colour to the outer flame, 
especially when treated with strong hydrochloric acid. 

Heayj spar heated on charcoal in the reducing flame is reduced to baric 
sulphide, BaS, which fuses readily. This reaction is made use of to preiMve, on 
a manufacturing scale, soluble baric salts from the sulphate. Baric carbonate 
is decomposed only by ignition to a strong white heat. 

REACTIONS IN THE WKT WAY. 

Baric salts are obtained by dissolving the native carbonate or 
witherite in acids.* Heavy spar is attacked by alkaline carbonates 
at a high temperature. By mixing on a small scale finely powdered 
baric sulphate with three to four times its weight of fusion mixture 
and heating in a platinum crucible over a gas flame, it is converted 
into baric carbonate, thus : — 

SO.Bao" + CONaoKo = COBao" -f SO,NaoKo. 

Insol. in water. Soluble in water. 

On extracting the fused mass with hot water and filtering, 
COBao" is left, from which, by the addition of the respective acids, 
small quantities of the different baric salts can be prepared. 

The same applies to celestine, S02Sro". 

A SOLUTION OF BARIC CHLORIDE, BaCl2, is employed. 

COAmOs (sroup-reasent) precipitates white baric cariioiuite, 
COBao", soluble with decomposition in acids ; somewhat soluble in 
ammonic chloride. With carbonic acid it forms a soluble acid car- 
bonate or dihydric dicarbonate, CsOaHozBao", but it is reprecipitated 
on boiling with evolution of carbonic anhydride. Baric carbonate 
is partially decomposed by alkaline sulphates, e.g., potassic sulphate, 
into baric sulphate and alkaline carbonate. The decomposition is 
complete in the presence of free carbonic anhydride. 

CONaoa and COK03, same precipitate. 

KHo and NaHo, free from carbonates, give from highly concentrated solutions 
a voluminous precipitate of liarle hydrate, BaHo], soluble in water. A solu- 
tion of the hydrate in water is known as baryta-water. It possesses a strong 
alkaline reaction, and great affinity for carbonic anhydride. 

AmHo gives no precipitate. 

SOaHoa, as well as all solnble snlphales, precipitate hsavy white 
granular baric sulphate, SOaBao", even from very dilute solutions of 
baric salts, insoluble in water, dilute acids and alkalies ; soluble to a 
perceptible extent in boiling concentrated hydrochloric and nitric 
acids and also in concentrated solutions of ammonic salts, but not 
if the precipitants are in excess ; soluble also in concentrated boil- 
ing sulphuric acid, with formation of dihydric baric disulphate, 
Sa04HoaBao". The presence of an alkaline citrate greatly interferes 
with its precipitation. Solutions of strontic or calcic sulphate (two 

* Dilute aoid« THOl or NO3H0) should be employed, as the barto chloride 
and baric nitrate, which result from the action of these aoids upon witherite, are 
insoluble in the concentrated acids. 
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snlphates which are but slightly solable in water, especially the 
former), constitate the most delicate test for barinm. 

POHoNaos (hydric dlsodlc phosphate) giyes from neutral or alkaline 
solufdons a white precipitate of hydrle barle phosphate, POHoBao'', readily 
soluble in dilute nitric, hydrochloric or oc^^t'c.aoid. Perceptibly soluble in 
amnionic chloride. 

I nOA™^ (ammonie oxalate) gives from a moderately dilute solution 

r QQ 

of a baric salt, a white pulverulent precipitate of baric oxalate, *< g^Bao'', 

soluble in dilute nitric or hydrocliloric acid. Soluble also in oxalic and acetic 
aoids when freshly precipitated. 

OrOaKoj (potasslc chromate) gives a bright lemon yellow precipitate of 
baric chromate, OT02Bao'', even from very dilute solutions, readily soluble in 
nitric, hydrochloric or chromic acid (CrO^^Hoj) — reprecipitated by ammonia. — 

(DiStlKCTION VBOlf STBONTIC AUD CALCIO SALTS, WHICH ABB NOT PBBCIPITATED 
TBOM DIXUTE SOLUTIONS. 

2HF,SiF4 (hydrofluoslUdc acid) gives a colourless crystalline pre- 
cipitate of baric sUlcofluoride, BaF2,SiF4, which subsides quickly, 
especially upon the addition of an equal bulk of alcohol. It is 
somewhat soluble in water and in dilute acids, insoluble in alcohol. 
(Distinction of baric from steontig and calcic salts, which give 
no precipitate.) 

Soluble baric salts, sucli as baric chloride, nitrate or acetate, 
constitute exceedingly useful reagents for the detection of acids, on 
account of the me^l barium forming insoluble salts with most 
acids. 

QUESTIONS AND EXERCISES. 

1. How can baric sulpbate be converted into baric nitrate or chloride ? 

2. Wbicb are the natural compounds of barium ? 

3. Express in ^mbolic equations the different reactions for barium. 

4. Which are tne most delicate reactions for barium ? 

5. How can barium be separated from strontium and calcium ? 

6. 1*235 grm. of witherite gave '965 grm. of baric sulphate ; what is the percentage 

of barium and of baric carbonate in the mineral ? 

7. A sample of heavj^ spar contains 96*5 per cent, of pure sulphate. How much 

baric sulphide, and how much baric nitrate can be obtained from 1 owt. of 
the mineral ? 



2. STRONTIITMy Sr". — Occurs in nature as sulphate, in the 
mineral celestiney SOaSro" ; and as carbonate or strontianite, COSro". 

EXAMINATION IN THE DRT WAT. 

Strontium compounds, when heated on platinum wire in the 
inner flame, colour the outer flame crimson. 

Celestine heated on charcoal in the reducing flame, is converted into strontic 
sulphide, SrS, from which the chloride may be prepared for blowpii>e and other 
reaotions, by treating the residue with hydrochloric acid. 

REACTIONS IN THE WET WAT. 

We use A SOLUTION or strontic chloride, SrCla. 
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COAmo2 (irroup- reagent) gives a white precipitate of strontle 
carbonate, COSro", less soluble in ammonic chloride than the 
corresponding baric carbonate ; soluble in dilnte acids. Carbonic acid 
produces the soluble dihjdric strontic dicarbonate, C20tHo2Sro", 
which is decomposed on boiling into normal carbonate, carbonic 
anhydride and water. 

CONaoa and COK03, same precipitate. 

SO2H03, or a soluble sulpbate, produces a white precipitate of 
•trontlc §alphate, SOaSro''. From dilute solutions a precipitate 
appears only after some time, especially if calcic sulphate be used 
as the precipitant. Heat assists the precipitation. The precipitate 
dissolves perceptibly in hydrochloric or nitric acid, but is insoluble 
in alcohol. It is insoluble also on boiling in a concentrated solution 
of ammonic sulphate, S02Amo3, and a little ammonia. (Distinctiok 

BETWEEN STRONTIUM AND CALCIUM.) 

A solution of strontic sulphate in water precipitates baric salts. 

{CO Amn 
GOA (amnionic oxalate) precipitates strontic salts more readily 

than baric salts. The tohite precipitate of strontic oxalate, i no^'^''* i* 

readily soluble in dilute nitric or hydrochloric acid ; somewhat soluble in 
ammonic salts ; but sparingly soluble in oxalic or acetic add. 

QUESTIONS AND EXERCISES. 

1. Which are the principal strontium minerals P 

2. How are strontic chloride and nitrate prepared — 1st from Hnmtianiie ; 2nd. 

from celestine 1 

3. Which are the most characteristic reactions for strontium ? 

4. How can strontium be distinguished from barium P 

5. What is the percentage of strontium in ttrontianite and in celestine t 

6. How can strontium be separated from calcium ? 



3. CALCIUM, Ca". — Occurs in nature in the mineral, vegetable 
and animal kingdom, in vast masses, in combination with carbonic, 
sulphuric, silicic and phosphoric acids. In plants it occurs combined 
with carbonic, sulphuric and phosphoric acids ; in animals com- 
bined with phosphoric and carbonic acids. It is occasionally also 
found in minerals which result from the action of acids (such as 
nitric or arsenic acid) upon calc spar. 

The principal calcium minerals are the various calcic carbonates, 
differing in physical properties or in crystalUne structure, such as 
calc fpar^ COUao" (containing occasionally barium, magnesium, 
iron, manganese, lead, in variable proportions, and passing gradually 
into harytO'Calcite and dolomite, siderite, diaUogite and plumbO' 
calcite)^ arragonite, marble, Uviestone, chalk ; the sulphates, such as 
gypsum^ SHo4Cao", anhydrite , BO^CdJol'y al4]^aster^8eLenile ; the phos- 
phates, such as apatite^ PsO)Cao"4 iv^^Jf ^on^earth^ PsOaCao'^s; 
And fluor epar^ CaFf 
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RBACrriONS IN THE DRY WAT. 

Most calcinm oomponnds, when heated in the inner flame of the 
blowpipe, coloor the onter flame yellowish-red; calcic phosphate 
and borate excepted. The presence of barium or strontium entirely 
obscures the calcinm reaction. 

Cakdo oarbonnte when rtronelj ignited becomes oonyerted into caustic or 
qoioklime, OaO, which reacts allcaline. ^ It combines with water yeir eageiiy, 
erolying much heat, and is oonyerted into calcic hydrate, OaHoi (slaKcd lime), 
which is less soluble in water than either baric or strontic hydrate. It is also 
more soluble in cold, than in hot water. Calcic sulphate is oonyerted into calcio 
sulphide, OaS, when ignited on charcoal in the reducing flame. The mass reacts 
likewise alkaline. 

REACTIONS IN THE WET WAY. 

Calcic salts are readQj prepared from pure cah ejpar or marble, 
hj means of dilute acids. 

We employ A solution of calcic chloride, CaCls. 

COAmos (sroap-rea«ent) precipitates white calelo earlioiuite, 
COCao", which is bulky and amorphous at first, but on warming 
gently becomes rapidly crystalline. Calcic carbonate is somewhat 
soluble in ammonic chloride, especially when freshly precipitated. 
It is in fact partially reconverted on boiling into calcic chloride. 

CONaoa and COK02, same reaction. 

80sHo2} or a soluble sulphate, precipitates from concentrated solutions of 
a calcic salt white emlele sulphate, SOHoaCao'' + Aq., soluble in much water, 
and stiU more soluble in acids. A precipitate is obtained on the addition of twice 
the yolume of alcohol from solutions which are too dilute to be precipitated by 
sulphuric acid or a soluble sulphate. C^cic sulphate dissolyes readily on boiling 
in a concentrated solution of anmionic sulphate. 

A solution of calcio sulphate precipitates both baric and strontic salts. 

POHoNaos (hydilc diiiodlc phosphate) giyes a huli^ white precipitate of 
tricalele phosphate, Vfifiao'^, soluble in £lute hydrochloric or nitric acid, 
and soluble in acetic acid ; reprecipitated by ammonia. 

I COAmo (■■"■•"'•' oxalate) produces even from very dilate 

solutions of calcic salts a white pulverulent precipitate of calete 

{GO 
QQCao" + Aq., readily soluble in hydrochloric or nitric 

acid ; not perceptibly soluble in oxalic or acetic acid. On gentle 
ignition calcic oxalate breaks up into calcic carbonate, and carbonic 
oxide gas, and on igniting very strongly, caustic lime is left. 

Soluble calcic salts, such as the chloride or nitrate, constitute 
yery important reagents for the detection of acids, on account of the 
metal calcium forming insoluble salts with most acids. 

QUESTIONS AND EXEBCISES. 

1. Which axe the most important natural lime compounds P 

2. Qive gnphic formubs tor gypewn, anhydrite^ calls spar, fluor tpar, apatite. 
8. Which are the most delicate reactions for calcium in the wet way P 

4. How is arragomte oonrerted into calcic oxalate P 
6. Calculate the percentage composition of hone^aeh, 

6. Why can a solution of oaldc sulphate be employed for the detection of barium 
and strontium eren in the presence of calcic salts P 

C 
J 




18 SEPARATION OF BARIUM, STRONTIUM, AND CALCIUM. 

Separation of Bariwm, Stroniiu/m^ amd Ocdcium. — Barium minerals 
frequently contain strontium and (SEdciam, and strontium minerals 
barium and calcium as well. A method of separating these metals 
is based upon — 

1st. The insoluhiUty of BaCls in absolute alcohol (SrCSlt and 

CaClt being soluble). 
2nd. The insoluUlUy of NABao", and N,0«Sro" in ahsoltde 

alcohol (calcio nitrate being soluble). 

A hydrochloric acid solution of the mineral containing Ba and Sr, or Sr and 
Ga, or poMibly Ba, Sr and Ca, is prepared, and the solution evaporated to dry- 
ness and gently ignited. 

Barium is separated from strontium and calcium, by digesting the finely 
divided residue with absolute alcohol, and separating the undissolved BaClt by 
filtration. 

Strontium is separated from calcium by evaporating or distilling off the 
absolute alcohol, which contains the SrOl) and OaCls; precipitating with 
OOAmoj, filtering, and conversion of the strontic and caldo carbonates into 
nitrates by means of dilute nitric acid. The solution of the two nitrates is evapo- 
rated to Shyness, and absolute alcohol added, when calcio nitrate is dissolved.oat, 
strontic nitrate being insoluble in absolute alcohol. 

The presence of these metals may be confirmed by setting fire to 
the alcoholic solution containing banc, strontic, or calcic chloride (or 
nitrate) ; the alcohol is seen to bum with the characteristic colour 
observed when traces of these salts were heated on a platinum wire. 

Several other methods for recognising and separating the metals 
of Ghxjup rV will suggest themselves. 

It is often useful to ascertain whether one or two, or all the metahi of this 
group are present in a solution. This can be done by adding to their neutral 
solution a solution of OrOaKot, or 2HF,SiF4. A yellow or a transparent cry- 
stalline precipitate indicates barium. To a portion of the filtrate add 80 fiao" ; 
a precipitate forms perhaps only after some time, proving the presence of stron- 
tium ; or the solution remains dear, in which case calcium only need be looked 
for, the presence of which is indicated by the precipitate which ammonic oxalate 
produces from another portion of the largely diluted solution. If both strontium 
and calcium are present, separation becomes desirable. 

The student will have no difficulty now in drawing up tabular 
analytical schemes* based upon : — 

1st. The insbluhUity of BaClt and NtOiSro'' in ahsoltUe alcohol. 

2nd. The insolubility of BaClt in absolute alcohol and thai of 
SOtSro'' in a concentrated solution of SOtAmot. 

3rd. The insohibiltiy of BaF>,SiF«, or CrO,Bao", as well as of 
SOfSro'', in water; calcic sulphate being sufficiently soluble 
to be readily indicated by ammonic oxalate. 

PBAOTIOAL EXSBCISSSt ON GBOXTFS IV AND V. 

You are requested to analys e 
1. A solution of salts of the metals K, Hg, and Ba. 



^ Table lY in the analytical tables at the end of the book oontaine a scheme 
•mbodving method 2. 

t As a control upon the work done in a labovatoiy the analytical resnlte 
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2. A mixture (about *5 gnu.) of tlio Bolid salts NaCl, SrCla, and magnesia alba 

3. A mixture of the solid salts AmOl, BaClg, and OOCao''. 

4. A mixture of the salts AmGl and SOsAigo'^ 

6. A mixture containing finely powdered marble, bario carbonate and common 
salt. 

6. A solution of BaCls and SrCls, containing *010 grm. of Ba and '100 grm. 

ofSr. 

7. A solution of NaCl, KOI, and MflrOls, containing *020 grm. of K, '200 grm. 

of Na, and '050 grm. of Mg. 

8. A solution of SrCljt and OaCls, containing '050 grm. of Sr, and '500 grm. 

ofCa. 



Chapter IV. 

REACTIONS OF THE METALS OF GROUP III, OR 

AMMONIO SULPHIDE GROUP. 

Oboup m Gomprises the metals Nickel, Cobalt, Manganese, Zinc, 
Iron, Chromium, Aluminium, likewise the pbospbates of these metals, 
and of Magnesium, Barium, Strontium, and Calcium. 

1. Add to a solution* containing TSffiipoo*', FejOl^, and calcic phosphate, 
dissolyed in a little dilute hydrochloric acid, a concentrated solution of ammonio 
chloride, and then ammonia. A precipitate is produced. Filter, and add to the 
filtrate ammonio sulphide. A further precipitation takes plaoe ; the precipitate 
is black. 

This shows that some memhera of this group are precipitated by 
AmOl and AmHo ; others only on the addition of BAn^* 

2. Add to a solution of Fes01«, Or^Gle, and AlsCl^, ammonic chloride and 
ammonia, till it is distinctly ammoniacal. A bulky gelatinous precipitate is 
obtained. Filter. Add to the clear filtrate ammonio sulphide : no further pre- 
cipitation takes place. 

Showing that Iron, Chromium^ and Aluminium are precipitated 
{as hydrates) from their saline solutions by AmOl and AmHo alone^ 
withoid the add of BAm%. (Ammonic chloride has no share in the 
precipitation, but counteracts the solubility of the alnminic hydrate 
in excess of the precipitant, and prevents the precipitation of 
magnesium as hydrate.) 

8. Dissolve some baric, strontic, calcic, and magnesio phosphates in dilute 
hydrochloric acid, and cautiously add to the solution ammonia. No precipitate 
is produced tUl the free acid has been neutralised (with formation of ammonic 
ch£>ride), when the phosphates are reprecipitated. Filter and add ammonic sul- 
phide to the filtrate. No further precipitation takes place. 

This shows thai the phosphates of the alkaline earthy metals are 
precipitated by a/mmonia atone, 

should be carefully recorded by the student (as far as possible, in a tabular form), 
and should be discussed and corrected, if necessary. By these means only it is 
possible to control and direct the analytical studies of a large daes. 

* Solutions containing *<X)5 grm. of the metal in eveiy co. are readily pre- 
paied, and should be kept for use. 5 c.c of each solution will be found a 
coBTenient quantity. 

C 2 
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4. Biisolve some phosphates of Ni, Go, Mn, Zn, and Fe in dilate hydroohlorie 
acid.* To one portion of the solution add ammonio chloride and ammonia. A 
precipitate is formed.. The phosphates are repreoipitated. Filter and add 
anunonio sulphide ; a further precipitate u produced. 

Showing that the phosphates of these metails are not entirely pre^ 
dpitated by amnionic chloride wnd a/rnrnonia. 

Thus far we have seen that these two reagents precipitate : — 

Nickeloos phosphate Chromic phosphate 

Gobaltons „ Aluminic „ 

Manganons „ Baric „ 

Zincic „ Strontic „ 

Ferric „ Calcic „ 

Ferric hydrate Magnesic „ 
Chromic „ 
Alnminic „ 

6. To a solution of SOsNio^ TXfiS^'\ SO,Zno'^ and KnCl) (free from 
Fe), add AmCl in considerable excess, and then AmHo in slieht excess. No 
precipitate is obtained, the precipitate first produced by AmHo being soluble in 
the ammonic salt. To one portion of the solution add strong sulphuretted 
hydroeen water (or pass a current of sulphuretted hydrogen gas) ; a copious 
precipitate is produced, consisting of NiS and OoS (black), ZnS (white) > and 
MnS (buff coloured). 

This shows that Nickel, Gohaltj Mangwnese, and Zinc saJUs are 
not precipitated by AmGl cmd AmHo, hut by SAm^, 

On exposing the other portion of the solution for some time to the air, it is 
seen to turn turbid where it is in contact with the air. Heat and shake the 
solution and the turbidity increases rapidly. 

Showing that AmGl and AmHo produce, wider favourable eon' 
ditions, a pa/rtial predpitaiion, 

6. To another portion of the solution of the phosphates of Ni, Go, Mn, Zn, 
and Fe (see 4), add AmCl, AmHo, and SAm^, wiuiout first separating by filtra- 
tion, the precipitate produced by AmOl and AmHo. Thb Puobphatbs of 
Go, Ni, Mn, Zn, and Fb, which may be present in the hydrochloric add solu- 
tion, ABB DBOOMPOBBD INTO BULPHIDJBS, AND AlOCONIO PHOSFHATB 18 LBFT IN 

SOLUTION. 

7. To a solution of Fe^Cle add AmCl and AmHo, a reddish-brown precipitata 
of ferric hydrate, Fe^Hoe, is produced, which on the addition of SAm^ turns 
instantaneously black. 

This shows that iron is first precipitated as hydraie, and is 
subsequently converted into sulphide. Chromic and alnminic chlorides 
are precipitated nnder the same circumstances as hydrates, bnt 
thej form no snlphides in the wet waj. 

We may then sum np by saying that the group reagents, AmCl 
and AmHo, for reasons stated under 4 and 5, cannot thoroughly 
separate some of the members of Group III from others, and that 

* This solution may also be prepared by adding hydrio disodio phosphate 
to solutions of the above meUUs as long as a precipitate f ormB, and dissolving the 
precipitate in a little hydrochloric add. 
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SAms should inyariablj be added as well. The three reagents* 
precipitate : — 



]. Sulphides — 




NiS 


black 


CoS 


black 


MnS 


bnif 


ZnS 


white 



FeS black. 

2. Hydrates — 

CraHoe green 
Al2Hoe white. 

3. Phosphates of Gr, Al, Ba, Sr, Ga, and Mg. 



NICKEL, Ni" and *^.— Occurs in nature as sulphide, NiS", 
in capillary pyrites, hair nickel, or miUerite ; as absenide, in 

arsenical nickel, < " Aa'^^"' ^^^ ^ copper nickel, < ' Aa"tJ'" > ^ 

AKTUIONIDE, in < 'av'rM-zr, ontimony nickel, combined with rul< 

f "Ab' 
PHiDE, as in nickel glance or grey nickel ore, < i, «^,Ni,Ni*^S3, as on/i- 

{"Sb' 
"Sb'^^'^^*^^' ^^ ^ ^^^ form of minerals, 

which are the result of the oxidation of other nickel minerals, e.g,, 
as nickel ochre, A8302Nio"8, and emerald nickel, C(0Ni"Ho)2Nio", 

son,. 

EEACTIONS IK THE DET WAY. 

When nickel compounds are heated on charcoal with dry sodic 

• Add AmHo to a solution of bario, strontic, calcic (and magnesic) oxalates in 
dilate hydrochloric acid, as long as a white precipitate is obtained. The oxalates 
of the aUudine earths are reprecipitated more or lees completely as soon as the 
hydrochloric acid which (as in the case of the corresponding phosphates) holds 
them in solution is completely neutralised. 

The same applies to the fluorides, borates, tartrates, citrates, etc., of these 
earthr bases, which are precipitated by AmHo, although in the presence of much 
Amd they are, to a ereat extent, held in solution. 

Silicic acid and smcates, soluble in hydrochloric acid, are likewise acted upon 
by AmCl and Am'Ho, gelatinous silica, SiHo4 being precipitated. 

In order to ayoid complicating the quaUtative course, it is usually preferred 
to eraporate the hydrochloric acid filtrate from Group II to complete dryness, 
with the addition, towards the end of the eyaporation, of a Uttle concentrated 
nitric acid, wheneyer AmCl and AmHo produce a precipitate. By these means 
silicic anhydride, SiO,, is left behind insoluble m acids; the fluorides and 
borates are for the most part decomposed ; boric and hydrofluoric acid being 
set iree or yolatilized. Oxalates are destroyed with eyolution of carbonic 
anhydride by the oxidizing action of the nitric acid, and tartrates, etc., are 
broken up by gentle ignition into carbon and yolatile gaseous products ; ferrous 
salts aie conyerted into ferric salts, and on extracting the ignited residue with 
a little concentrated hydrochloric acid, the metals are obtamed in solution as 
chlorides, together only with the phosphates of the alkaline earths, earthy and 
metallic bases. 
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carbonate in the vnner blowpipe flame, they are reduced to a grey 
metallic powder which is magnetic. Heated on a borax bead, in the 
outer flame, nickel componnds yield an intensely colonred glass, which 
appears byadntli red to Tlolet brown when hot, and yellowish t« 
sberrjr red when cold (according to the quantity of nickel present). 
On fusing a little nitre in the bead, the colour is changed to blue 
or dark purple, whereby nickel compounds may be distinguished 
from iron. Heated in the reducing flame the colour disappears, 
and the bead assumes a turbid grey appearance, owing to finely 
divided particles of metallic nickel. The reactions with micro- 
cosmic salt are similar, but the bead becomes almost colourless 
when cold. 

REACTIONS IN THE WET WAT. 

We employ a solution of nickelous sulphate, S02Nio", 

= S02(0aNi)'\ 

SAms (vronp-reasent) gives a hlach precipitate of nlekdoas 
sulphide, NiS, slightly soluble in excess of the reagent, especially 
in the presence of free ammonia, forming a dark brown solution, 
whence the sulphide is reprecipitated on boiling. The presence of 
anmionic chloride (or better still, ammonio acetate) assists the 
precipitation. Nickelous sulphide dissolves with di£&cnlty in dilute 
hydrochloric acid, readily in nitric acid or aqua regia, and is but 
slightly soluble in acetic acid. 

SHf gives no precipitate in an acid Bolution, and a partial predpitate only 
from a salt of nickel with a mineral acid ; but producee readily a precipitate 
from a solution of nickelous acetate, or a xiickelous salt mixed with an alkaline 
acetate. 

NaHo or KHo precipitates an a^le green hydrate, NiHoi, 

insoluble in excess, soluble in ammonic salts to a greenish blue 
fluid. Nickelous hydrate leaves on ignition nickelous oxide. It 
does not absorb oxygen from the air. 

AmHo produces a slight greenish precipitate, readily soluble to a blue fluid. 
No precipitate in presence of ammonic chloride. 

OONaos precipitates an apple green baale carbonate, yaiying in com- 
position. 

COAmOfsame precipitate, readily soluble in excess, when filtered and washed, 
to a greenish blue solution. 

KCy (free from cyanate (CyKo) and carbonate*) gives n 
yellowish green precipitate of nlckeloas cyanide, «NiC^^t, which 
dissolves readily in excess of potassic cyanide to a brownish 
yellow solution, containing a double cyanide of nickel and potas- 
sium, 2KCy,NiC;^,. On adding a dilute acid (HGl or SOsHo,), 
NiCya is reprecipitated, and KCy is decomposed ¥nth evolution of 
HCy. Boiling with hydrochloric acid decomposes the nickelous 
cyanide likewise. 

The solution of the double cyanide is not altered by boiling with 

* It is preferable to add hydrocyanio (prussic) acid, HCy, to a neutral solu- 
tion of a nickelous salt, and then kHo drop by drop, till the yellowish green 
precipitate is rediBsoWed. Great caution has to be obserred on account of tl:c 
highly poisonous nature of HCy. 
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excess of HGj, bat the tiickelons salt is oxidized in the cold hj 
chlorine, or on the addition of a concentrated solution of sodio 
hypochlorite, ClNao, to bldck nlekeile hydrate, 'Ni'^sHoe, which is 
gradually precipitated, thns : — 

2NiOy, + ClNao + 50H, = Ni,Hoe + NaCl + 4HCy. 

Nickelic hydrate may also be obtained by passing chlorine 
throngh water, in which nickelons hydrate is sospended. HCl 
decomposes the tetrad nickel compound into nickelons chloride and 
tree chlorine. 

QUESTIONS AND EXERCISES. 

1. ExpreBB in STinbolic equations the reactionB for nickel in the wet way. 

2. State which are the principal nickel mineralfl, and translate into graphic 

formulflB the oonetitntional formula of emerald nickel^ antimony nickel, 
nickelouB nitrate and arseniate. 
8. How many oxides of nickel are there ; and how would you prepare them from 
a solution of nickelons sulphate P 

4. How would you recognise the presence of Ni and As in arsenical nickel 1 

5. 50 cubic centimetres of a solution of nickelons sulphate yield on precipitation 

with KHo and ignition *370 grm. of NiO ; how much Ni is contained in 
1 c.c. of the solution, and how much nickelons sulphate (SOHosNio'^60H3) 
must be dissolved in a litre of water to obtain a solution of the abore 
strength P 

6. CaloulfU» the percentage composition of ca^iUary pyrites, 

COBALT, Co" and *\ — Occnrs in nature as sulphide or cobalt 

{OoS" r "As' 

OoS"®" ; as arsenide in < " Ah'^o", tin-white 

cobalt or smaMne {speisa cohalt)^ as sulphabsenide, or cobalt glam>ce^ 

{"As' 
"As' Co",Co*^S2 ; also in the form of products of oxidation, such as 

cobalt vitriol, SOHo8Coo",60H„ as arseniate, AB20aCoo"s,80Ha, in 
cobaU bloom, and generally in small quantity in nickel and iron ores, 

EEACTIONS IN THE DEY WAY. 

Cobalt is usually detected with comparatiye facility. Cobalt 
minerals containing sulphur or arsenic are roasted on charcoal, or in 
a glass tube, when sulphurous and arsenions anhydride are evolved. 
The residue is then introduced into a borax bead, and heated in the 
outer flame, when a fine blue, so-called cobalt glass, is obtained. 
This colour remains the same both in the outer and inner, or reducing 
flame. In cases where much Mn, Fe, Cu, or Ni are mixed with Co, 
the blue appears distinctly only after the bead has been heated for 
some time in the reducing flame. Microcosmic salt gives the same 
blue bead. Heated on charcoal, with sodic carbonate, in the reducing 
flame, cobalt separates as a grey metallic powder which is attracted 
by the magnet. 

REACTIONS IN THE WET WAY. 

NO 

We employ A solution of cobaltous nitrate, jtq'Coo". 
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SAn]2 (ffroap-reagcnt) gives a black precipitate of c«balt«iis 
sulpblde, CoS, insoluble in excess of the reagent, scarcely soluble in 
acetic acid, and very difficultly soluble in dilute hydrochloric or 
sulphuric acid, but readily soluble in aqua regia upon the applica* 
tion of heat. Hence a black residue left, on treating the ammonic 
sulphide precipitate of Group III with dilute hydrochloric acid, 
indicates probably the presence of cobaltous or nickelous sulphide. 

SH3 gives no precipitate from an acid solution, but precipitates cobaltous 
sulphide partially firom a neutral solution, and wholly from a solution of cobaltous 
acetate, or from a solution of a cobaltous salt oontaming a mineral acid, on the 
addition of an alkaline acetate, and upon heating. 

EHo or NaHo gives a precipitate of a blue baale salt, whicH 
turns olive green on exposure to air, owing to the absorption of 
oxygen. On beating, a rose red cobaltous bydrate, CoHo^, is obtained, 
which, however, contains mostly a small amount of dark brown 
cobaltic hydrate. Ammonic carbonate dissolves the precipitate 
(after filtration and wasbing) to an intensely violet-red fluid. 

By suspending cobaltous hydrate in water, and passing a current 
of chlorine into it, black cobaltic hydrate is precipitated, whilst 
cobaltous chloride remains in solution, thus : — 

SCoHoa + Clj = COjHob + CoClj. 

Cobaltic 
hydrate. 

In the presence of an alkali (NaHo) the whole of the cobaltous 
hydrate is converted into cobaltic hydrate. 

AmHo produces in neutral solutions a slight precipitate of a baiilo salt, 
which dissolyes readily in excess. The solution is reddish brown. Ammonic 
chloride preyents the precipitation altogether. The solution absorbs oxygen from 
the air, and becomes rapidly brown. 

OONaoj precipitates a peach coloured baale carbonate. 

COAmo2i same precipitate; readily soluble, howeyer, in excess, to a red 
solution. 

KCy gives with all normal cobaltous salts a browMsh white pre- 
cipitate of cobaltona cyanide, CoCya, soluble in excess, repredpitated 
by dilute hydrochloric or sulphuric acid. 

If tbe cobaltous solution, however, contain free acid, so as to 
liberate hydrocyanic acid by the action of the latter upon tbe excess 
of KCy ; and if the solution containing the double cyanide 2 KCy, 
CoCya be heated for some time, dilute hydrochloric or sulphuric acid 
no longer produces a precipitate, the whole of the cobaltous cyanide 
having been converted into oobaltio cyanide, 'Co'"sCy«, which 
remains combined with 6KCy to form a well defined and stable salt, 
called potAMlc cobaltlcyaiilde, KeCoaCyis, hydrogen being evolved, 
thus: — 

2O0CV1 + 2HCy = COjCy, -h H,. 

6KCy -f COjCy, = K«Co,Cy». 

Fotassic 
oobalticyanide. 

This salt is not acted upon by sodic hypochlorite in the cold. 
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Separation of Nickel from Oohalt, 

It is obvions that the hydrocyanic acid reaction enables ns to 
separate nickel from cobalt. — To a neutral solution of the two salts 
add cautiously a small quantity of a strong solution of hydrocyanic 
acid, and then, drop by drop, KHo (a solution of potassic cyanide 
may likewise be used) as long as a precipitate forms, and till the 
precipitate is quite redissolved. Heat gently for some time in a well 
ventilated closet, till the odour of hydrocyanic acid has disappeared. 
Allow to cool, and add a concentrated solution of sodic hypochlorite. 
NiaHos is precipitated in the cold, and cobalt remains in solution, as 
K«CosGy]3. Separate by filtration. Test the residue before the 
blowpipe for nickel, and evaporate the solution to dryness, and test 
for cobalt by means of a borax bead. 

Instead of separating nickel as NiaHpe by means of CINao, the solution, 
after boiling with excess of HGy, may also be precipitated whilst hot, with finely 
divided freshly pieoipitated mercuric oxide. On digesting for a short time at 
a gentle heat, the whole of the nickel is precipitated, partly as NiHoj, partly as 
NiCys, the mercury combining with the liberated cyanogen. Filter off the greenish 
OT yellowish grey precipitate, wash, and ignite. Pure NiO is left ; thus i~^ 

(1) SmCys + xHffO + OHs » HsrCys -l- NiHcNiGy, + x-lHsO. 

Greenish 
precipitate. 

(2) NiHo8;EnCy3 + HflrO - SNIO + HffOys + OHj. 

Volatile 
on ignition. 

The cobalt remains in the solution as 'Kfiofijii, Nearly neutralize with 
dilute nitric acid, and add a neutral solution of mercurous nitrate, N804Hg2o''. 
A white precipitate of mercarons cobaltlcyanlde, (Hg''s)3CoaCyi3, forms, 
which contains the whole of the cobalt. Filter, wash, and ignite under a hood 
with firee access of air, when tricobaltle tetroxlde, O08O4, is lefb. 

Another method of separation consists in adding a concentrated solution of 
NOKo (potassic nitrite) in considerable excess to a concentrated normal 
solution of a oobaltous salt, then acetic acid in sufficient quantity to freely re- 
dissolve Uie precipitate, which is at first produced by the ^e KHo and COK03 
contained in the NOEo. On keeping the solution in a moderately warm place, 
the whole of the cobalt separates in the form of a crystalline precipitate of a foM 
yellow colour (from a dilute solution only after long standing), the formation of 
which is expressed by the equation : — 

^^jCoo" + 14N0K0 + 4{2^|j^ + 20Ha « WACojo'S 

Yellow 

6NOKo,40Ha + 4NOjKo + ^/qqj^^ + N2O, 
precipitate. 

The precipitate is soluble in much water ; it is decomposed by hot nitric or 
hydrochloric acid, or by potassic hydrate ; insoluble in alcohol ; insoluble in the 
presence of potassic salts ; and it can therefore be washed by a solution of potassic 
acetate, and finally with aloohoL This bbactiok sbpabatbs nicksl vbom 

COBA£T TBBY EFVBCTT7ALLY. 

On igniting 8 small quantity of NsOiNio", a dirty greyish 
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powder of NiO is left. Ignite next NaOiCoo" gently, and a black 
residue of eobaltons dicobaltic tetroxide, CO3O4 = < QoO^^" ^ 

lefl. On treating this oxide with hydrochloric acid, chlorine gas is 
evolved, according to the equation : — 

Co,04 + 8HC1 =? 3C0CI2 + Cla + 40Ha. 

Both nickel and cobalt are capable of forming compounds in 
which the metals exist in a tetrad condition, viz., 

Ni,0„ or 1 2}g0, and Oo.0„ or | g jgo ; OcS,. 

Niokelio Gobaltic Cobaltio 

oxide. oxide, sulphide. 

NiaOs is, however, obtained in the wet way only by the action of 
oxidizing agents, and cannot exist at a high temperature. 

CO3O4, on the other hand, is obtained in the dry way, or on 
gentle ignition of cobaltous salts containing volatile acids, and gives 
up a portion of its oxygen only on strong ignition. 

The same tendency to form a compound in which cobalt exists 
as a tetrad element, is observed on exposing the freshly-precipitated 
hydrate to the air, or on passing chlorine or adding bromine or 
iodine to cobaltous solutions. 

Little use is, however, made of these reactions beyond the con- 
version of CoCya into COaCy«, in the presence of potassie cyanide, 
or of CoO into COaOs in the potassie nitrite reaction. 

QUESTIONS AND EXERCISES. 

1. Translate into graphic formuls the constitutiunal formule of colaU pfriiet^ 

cobalt vitriol, cohaU bloom, oobaltio cyanide. 

2. How are OoO and O08O4 prejpared F 
8. How is Co separated from Ni ? 

4. 2 grms. of an ore containing Ni and Co yield '221 grm. of NiO and *1575 
ffrm. of O0SO4 ; what is the percentage of Ni and Co in the ore P 

6. ExpLun the formation of a blue glass when cobalt compounds are heated in a 
borax bead, or a bead of microcosmio salt. 

6. How would you prepare potassie cobalticyanide? 



MANGANESE, Mn", »^ and ^.—Occurs in nature mainly in 
the state of Oxides, of which the mineral pyrolti^ite, Mn^^Oa, is the 
most important. It is fonnd in small quantities in many iron ores, 
and is a freqnent constituent of silicates : the MnO replacing the 
isomorphons bases, FeO, ZnO, MgO, CaO, without altering the 
crystalline stmctnre of the minerals. It cziste both in the dyad 
and tetrad condition in manganous and manganic oxides. The 
Anhydrous Oxides known, besides pyrolusite, are: hraunilo, 
Mn^^aOs) hausmcmnite^ Mn^aOi; the Hydrates are: manganite, 
/MnOHo ., 7 MnOHo^ „ , MxiHo,n^ „ 
\ MnOHo' P^'^o''^^^^ MnOHo^"'' ' *''"''' MnU^'"'' • *'*'''• 
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r'Mxi'"01 MnHoa 

vicUej < Mno" (OMn*^Hoi)", copper mangcm, O Cuo". Mancra- 

VMn'"9J MnHo, 

nese is found in combination with sulphub, in manganese blende, 
MnS; with carbonic acid, mdicdlogite, COMno"; with silica, in red 
manganese or m^imgan hiesel {rhodonite), SiOMno", and in tephroUe, 
SiMno"s ; with phosphoric acid, as trvplUey PsOMno"aFeo"|. 

EXAMINATION IN THE DRY WAY. 

The presQpce of manganese is readily detected in minerals which 
contain no other oxides capable of colonring fluxes, as thej dissolve 
when heated in the outer flame, in the horax bead, or in a bead of 
microooflmic salt, to a clear yiolet-red pearl which becomes of a fine 
aaietlinit colour on cooling. The b^td becomes eolourless when 
heated in the rednidng flame. If other metallic oxides are present, 
it is preferable to mix a small trace of the finely powdered man- 
ganese compound with two or three times its weight of sodic carbo- 
nate (a little nitre may likewise be added), and to fdse on platinum 
foil (a small platinum spoon or the lid of a platinum crucible) in 
the oxidising flame, when a bluish sreen mass is left after cooling, 
consisting of sodle Biaiisaiiate, MnOal^aoa. The mass at the same 
time loses its transparency. This forms the most characteristic 
REACTION FOR Manqanese. Manganous and manganic oxides are 
oonyerted into a higher oxide, Mn^Os, in which Mn exists as a 
hexad. 

EXAMINATION IN THE WET WAY. 

All the higher oxides of manganese, when heated with hydro- 
chloric acid, OYolye chlorine, and are converted into manganous 
chloride. The chlorine so evolved becomes the measure of the 
amount of MnOa present in a manganese ore. 

We employ a solution op manganous chloride, MnCls (free 
from ¥e). 

SAmt (ffronp-reasent) gives a flesh-coloured precipitate of man- 
sanom solpiilde, MnS, readily soluble in dilute acids, even acetic 
acid. Hence the presence of free acetic acid prevents the precipita- 
tion of manganese (method of distinguishing Co and Ni from Mn). 
The manganese may be separated by repeating once or twice the 
precipitation of cobalt and nickel in the presence of acetic acid. 

SHs does not precipitate a neutral solution of a manganous salt ; the acetate 
even is precipitated very slowly and imperfectly, and not at all when free acetic 
acid is present. 

KHo or NaHo gives a white precipitate of mansanons hydrate, 
MnHoa, insoluble in excess. The precipitate absorbs speedily 
oxygen from the air, and turns dark brown with formation of 

1 MnOH » ''^^cn it no longer dissolves completely in ammonic 

chloride. 

AmHo precipitates a white hydrate from neutral solutions ; in- 
soluble in excess, or in ammonic carbonate. 
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No precipitate is produced in solutions containing ammonic 
chloride. On exposing an ammoniacal solution of tlie soluble 
double chloride, 2AmCl,MziGla, to the action of the air, the whole 
of the manganese is gradually precipitated as dark brown ^'TimM- 

sanle dioxydUiyilrate, i lurnQu^* ^^ reaction is characteristic for 

manganese compounds. 

AmHo oonyeys in thia change oxygen to the manganoos salt in a manner 
similar, to the action it has upon cobaltous salts, or upon metallic copper, in the 
presence of oxygen or air. 

Owing to this tendency of manganous salts to become oxidized and predpi' 
tated in the presence of AmHo, it is all but impossible to separate manganous 
from ferric salts by means of AmCl and AmHo. The reddish brown ferric 

hydrate, which is precipitated, inyariably carries down more or lees •< w-OH * 

and amiUl quantities of manganese cannot, therefore, be separated from iron by 
precipitation with AmCl and AmHo. 

CONaos or COK03 precipitates white naiisanoiiB c«rb«iuite» 

COMno", insoluble in excess of the reagent, but pretfy readily 
soluble in ammonic chloride. This precipitate absorbs likewise 
oxygen from the air, and turns to a dirty brownish white colour, 
owing to the formation of dimanganic dioxydihydrate. On ignition 
with free access of air, the white carbonate turns first black, and 
changes subsequently to brown trinumBanle tetroxlde, MXI3O4. All 
manganese oxides are obtained upon ignition in air in the form of 
MxIsOa. 

ECy giyes a tDhitieh precipitate of mansmnooa cyanide, KnCys, soluble in 
excess to a brown solution, which is not preoipitoted by SAmg. 

We haye just seen how readily manganous compounds are oonyerted, more or 
less completely, into higher oxides, in which manganese acto the part of a tetrad 
element. In the brown hydrated dioxide, obtained when a manganous salt is 
digested with sodic hypocmorite, according to the equation : — 

KnOls + OlNao + 20Hs » Kn*^OHos + KaCl -1- 2HG1, 

the manganese existe likewise as a tetrad element. By fusion in the diy way 
with sodic carbonate, alone or together with nitre, the manganous or manganic 
compounds are conyerted into an alkaline manganate, in which the metal man- 
ganese acte the part of a hexad element. Han^nic acid itself has neyer been 
isolated. It is obtained, howeyer, in conibination with a few of the stronger 
metallic bases, forming manganates, of which the alkaline manganates only dis- 
solye in water to ffreen soluiione, 

Manganates are readily decomposed in aqueous solutions. On gently heating 
a solution of potassic manganate with free access of air, the green colour changes 
to purple red, owing to the formation of potassic permanganate,* Xn^OfKos -* 

{ 'iS^oloKoV ^^ »ep»»tion of hydrated dioxide, thus.— 

SKnOsKo] 4- 80Hs » XnaOsKo, + KnOHos + 4KHo. 



* Permanganic acid has neyer been isolated. It exisU only in a few metallic 
salte called permamganatett which are soluble in water, forming intensely purple- 
red solutions. The salts crystallise from an alkaline solution in beautiful large 
crystals of deep yiolet lustre. 
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The change is accelerated hj adding a few drops of a dilute mineral acid (e.^., 
nitric, hydrochloric, or Bulpharic acid), which combines with the liberated alkali. 
This reaction is extremely delicate. 

The metal manganese seems to act here the part of a pseudo-octad element i 
and it may readily be inferred that the different oxygen atoms perform different 
fanctions in such a highly oxygemsed compound, and that the metal manganese 
will part with some more readily than with others. 

Manganic dioxide, as well as other native peroxides, already enumerated, 
alBO the alkaline manganates and permanganates, act as powerful oxidizers, 
differing merely in the intensiti/ of their oximzing action. 

Maneanic dioxide gives oS. oxygen on the adifition of concentrated sulphuric 
add, and forms normal manganous sulphate : — 

(Atomic equation) MnOs + SOsHo^ « O + SOsMno'' + OHj. 

Sulphuric acid added to sodic manganato, gives off a molecule of oxygen, and 
formB manganous and sodic sulphatos, thus : — 

MnOsNaos + 2S02Hoa » Os 4- SOaMno' + SOsNaos + 20Hs. 

Sulphuric acid added to a solution of potassio permanganato, liberates five 
atoms of oxygen, and leaves manganous and potassic sulphates in the solution, 
thus : — 

(Atomic equation) | J^OjCOKoI "^ SSOaHoa = 06 + 2SOsMno" 

+ SOjKoa + SOHs. 

Hydrochloric add acts likewise upon the higher oxides of manganese with 
evolution of chlorine and formation of metallic chlorides and water. The per- 
oxides of manganese, especially the black oxide, constitute the principal substances, 
together with hydrochloric add, for evolving chlorine in the laboratory and on a 
manufacturing scale. 

We know of no other mineral oxidizing agent capable of yielding from one 
molecular group of elements five atoms of oxygen ; and there are but fewelementaiy 
substances which resist the oxidizing action of potassic permanganato. Hydrogen, 
frei^y-ignitod carbon, phosphorus, iodine, sidphuretted hydrogen, carbonic disul- 
phide, are oxidised more or less rapidly. Metals, such as zinc and iron, become 
oxidized after a few days ; lead, copper, mercury and silver after some time. 
Many lower oxides, chlorides, eto., are converted into higher oxides, eto., especially 
in the presence of a free acid (hydrochloric or sidphuric add). 

ArseniouB add is converted into arsenic add, sulphurous into sulphuric, 
nitrous into nitric, phosphorous into phosphoric acid. Oxalic acid is oxidised 
into carbonic anhydride and water. Lower, or -ous chlorides, sulphates, eto., are 
converted into the higher or -io salto, e.^., ferrous, stannous, antimonious, cuprous, 
and mercurous chlorides are oxidized {** chlorinized ") in the presence of free 
hydrochloric add into ferric, stennic, antimonic, cupric, and mercuric chlorides ; 
the manganese and potassium of the permanganate are left in solution as chlorides. 
Ferrous, cuprous, and other sulphates are converted in the presence of free 
sulphuric or hydrochloric add into ferric or cupric sulphates. 

Potassic permanganate oxidizes also mai^ organic bodies, such as sugar, gum, 
oelluloee (in paper, cotton), uric acid, eto. The reaction in all these cases is mdi- 
cated by a change of colour. On adding, for instance, the purple coloured per- 
manganato solution to a solution of sulphurous add, the colour is instanteneously 
deetroved as long as any sulphurous amd is left. Permanganate becomes, there- 
fore, the measure for smphurous add, and in like manner for other lower oxides, 
chlorides, eto. 

Sulphurous add requires one atom of oxygen in order to be converted into 
sulphuric acid, and potassic permanganato can part with five atoms of oxygen. 
One molecule of the oxidizing agent oxidizes, therefore, five molecules of the 
reducing agent, ».«., 816 parte by weight of potassic permanganate become the 
measure for 5 x 64 » 320 parts by weight of 80$. 
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Two molecules of ferrous sulpliate combine witli one atom of oxygen and one 
moleoale of sulphuric add, to form one molecule of ferric sulphate, thus : — 

2SOJPeo"^ + O + SOjHoa »= SjOftFejO^* + OH^^ 

Hence one molecule of dipotassic permanganate oxidizes ten molecules of 
S03Feo'^ ten molecules of FeO, or ten atoms of Fe ; and 316 parte by weight 
of MnjOsKos become the measure for 

10 X 152 parte by weight of SOsFeo" 
or 10 X 72 ,y FeO 

or 10 X 66 ,» Fe. 

QUESTIONS AND EXEBOISBS. 

1. Which are the most importont manganese ores ? 

2. Which manganese ores can be employed for generating chlorine ? 

8. Explam the action of concentrated SO^Ho] upon KnOa, MnO^Naoj and 

MnsOeKo] ; and express the changes by equations. 
4. Translate into graphic formuls the constitutional formulss of pyraluHte, 

hrttunite, hausmannite, mangcmite^ psilomelane, load, vitrweUe, and 

tephroite. 
6. Describe the most characteristic blowpipe reactions for manganese compounds. 

6. How can Mn be separated from Ni ana Go P 

7. How is Mn separated from calcitmi or from potassium P 

8. What change does a solution of dipotassic manganato undergo when heated 

in contact with air P 

9. GKyc eridences of the dyad, tetrad, and hexad nature of manganese. 

10. Give the graphic formulsD for disodic manganate and dipotassic perman- 

ganate. 

11. Explain the action of AmHo npon oobaltous and manganous salte, 1st, in the 

presence of ammonic chloride ; 2nd, in the absence of ammonic salte i and 
8rd, with free access of air. 

12. Stote why Mn is separated with difficulty from Fe*^ by means of AmCI and 

AmHo. 
18. What change does OOMno" undergo upon ignition ? 
14. By precipiteting 2*622 grms. of a manganous salt with sodic carbonate and 

ignition of the precipitete, 1*826 grm. of "Mnfi^ is left ; what is the per- 

centage of maneanese in the salt ? 
16. What is the action of dipotassic permanganate upon HCl, SH^, 80s, 

I QOHo' C^s^S)^®^s>^^^ ^ Express the changes by equations. 

16. How much sulphurous anhydride by weight and by Tolume (at 0** C. and 

760 mm. barometrical pressure) will be reqidred to decolorise a solution 
containing *600 grm. of dipotassic permanganate P 

17. Explain the action of sulphurous anhydride upon manganic dioxide. 

18. *126 grm. of dipotassic permanganate had to be added to a given quantity of 

an acid (SOsHo^) solution of SO|Feo'^ Calculate how moui metallic 
iron the solution contained. 

19. '460 grm. of spathic iron ore, OOFeo", when dissolved in hydrochloric add, 

required '100 grm. of MniOsKoj. What will be the percentage — Ist, of 
carbonate ; 2nd, of metallic iron, contained in the ore r 

20. 1*240 grm. of OOj was eToWed when 1*780 grm. of pyrotunte was treated 

with moderately concentrated SOjHot and | qq^^- What is the per- 

centage of MnOs in the ore, and how much chlorine gas by weight and bj 
Tolume can be eyolyed from 100 grms. of the ore when treated with HQ P 

ZINO, Zn". — Occnrs in nature cliiefly as sulphide, or sine blende^ 
black jachy ZnS ; as cabbonate, or calamine^ OOZno" ; and as 



ZINC. 31 

SILICATE, or zinc glance^ electric calamine^ SiZao"3,OHa, WUlemite^ 
SiZno"a* ; also as oxide, in red zinc ore^ ZnO. 

REACTIONS IN THE DRY WAY. 

The most characteristic blowpipe reaction for zinc consists in the 
white incrustation of zincic oxide which its compounds yield when 
heated on charcoal in the reducing flame with sodic carbonate. The 
zinc compound is reduced to the metallic state, and the metal being 
volatile, bums on passing through the outer flame, with a bluish 
green flame, and is converted into oxide, which covers the charcoal 
with an incrustation, yellow when hot, wblte when cold, and which 
assumes a line vreen colour when treated with a solution of cobaltous 
nitrate, and on being once more strongly heated in the outer flame. 
The incrustation is not driven away in the oxidising flame, — zincic 
oxide being non- volatile. 

Zino oomponndB give with borax or miorocosmio salt in both flames a bead, 
which is yellowish while hot, and white on cooling ; opaque if much zinc salt be 
present. Thb applies, howerer, only to pure zino compounds, and the detection 
of zino in poor ores containing other readily oxidizable metals (such as Pb, Cd> 
Ab, Sb, which give likewise incrustations), is a matter of great uncertainty. 

Zincic sulphide (zinc blende), when roasted in a tube of hard glass, loses part 
of its sulphur in the form of sulphurous anhydride, and leaves some zincic sulphate, 
SOsZtto (wkiie in^ru>/), which may be extracted with water. 

Calamine leaves on ignition zincic oxide. 

REACTIONS IN THE WET WAY. 

We employ a solution of Zincic Chloride, ZnClj) or op Zincic 
Sulphate, SO.Zno", = SOa(OaZn)". 

SAma (vronp-reasent) gives a toMte precipitat<e of zincle 
•lapblde, ZnS, insoluble in excess. From dilute solutions the pre- 
cipitate separates only after some time, more speedily in the presence 
of amnionic chloride. It is readily decomposed by dilute hydro- 
chloric and srdphuric acids, with evolution of sulphuretted hydrogen ; 
also by nitric acid, but is insoluble in acetic acid. 

SHs precipitates zinc imperfectly from neutral solutions of zincic 
salts with mineral acids ; but from an acetate or a solution of a zincic 
salt mixed with an alkaline acetate, the whole of the metal is pre- 
cipitated by sulphuretted hydrogen as zincic sulphide, even in the 
presence of much acetic acid (method of separation of Zn from 
Mn). Free organic acids prevent the precipitation. 

KHo or NaHo precipitates the white hydrate, ZX1H03, readily 
soluble in excess, and in Am Ho, reprecipitated almost entirely on 
diluting with water and on boiling, soluble also in ammonic chloride. 
Sulphuretted hydrogen precipitates the whole of the zinc from these 
solutions. Free organic acids prevent the complete precipitation. 
In thepresence of the hydrates of manganese, nickel and cobalt, KHo 
or NaHo does not dissolve out the whole of the zincic hydrate. 

CONaOs or OOK03 produces a white precipitate of basic car- 
hooAte, consisting of two molecules of zincic carbonate and three 
molecules of zincic hydrate, according to the equation : — 

• Naomann's Elements of Mineralogy. 
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f CHo(OZn"Ho), 
SSOaZno" + SOONaoa + SOH, = < Zno" + 6S0,Nac), 

LCHo(OZii"Ho), 

Dihydric pentazmoio 
dicarbonate tetrahydrate. 

+ 300,. 

A large excess of ammonio salts prevents the precipitatioii. 

This carbonate leayes on ignition ZnO, also known under the name of giue 
iohite, 

OOAmO] produoeB the same precipitate, soluble, however, in excess. 

KCy gives a white precipitate of zlnclc cyanide, ZnCyj ; soluble in excev, 
not repredpitated by SAm^, but completely precipitated by SE^ as ZnS (Kethod 
for the separation of Zn from Ni). 

Zinc precipitates the less eLectropositive metals from their solutions, tix,, Ab, 
Sb, Sn, dd, Cu, Pb, Ag, Bi, H^: and on dissolving impure metallic zinc in dilute 
acids (hydrochloric or sulphuric), these metals do not dissolve, as long as any 
zinc remains undissolved. Hence zinc protects other metals, such as copper, iron 
(galvanized iron), from the oxidizine action of the air. 

Zinc, when placed in contact wi£ platinum, iron, etc., dissolves in jJWlhw* 
solutions in the cold ; when boiled with KHo (NaHo, or even AniHo), it dissolves 
likewise, with evolution of hydrogen and formation of dip^tassle stnele oxide. 

Zinc vapour decomposes OOj at a high temperature, and forms ZnO and OO ; 
at a lower temperature, ZnO yields its ozyeen again to carbon (Method of extract- 
ing metallic zinc from some of its ores). This forms another interesting instance 
of reciprocal chemical action. 

QUESTIONS AND SXERCISEQ. 

1. Explain the action of HCl, SOjHos, NOjHo, and KHo upon metallic xino. 

Express the changes by e(^uations. 

2. Give tne names and composition of the most important zinc ores, and translate 

their constitutional into eraphic formuls. 
8. Describe the blowpipe reactions for zinc compounds. 
4. Express by equations the reactions for zinc in the wet way. CKve graphic 

lormulsB for the basic carbonate and dipotassic zincic oxide. 
6. 1*6 ffrm. of calamine yielded *876 grm. of ZnO, what is the percentage of 

zmc in the ore F 

6. How is metallic zinc obtained ^m calaminef or red tine ore ? 

7. How has ZdB to be treated in order to extract from it metallio zinc ? 

8. How is Zn separated from Mn P 

9. How can Zn be separated from Ni and Co P 

10. How would you remove the zinc from an alloy of Zn and On (brass) P 

11. How is iphite vitriol prepared, 1st, from tine blende, 2nd, from calamine f 

Give the composition of the ozystallized salt. 

12. You have siven to you calamine, ginoe blende, hydrochloric add, water, and 

sodic carbonate. State how you would prenare from these iw^^ftw^la lincio 
oxide or zinc white. Express the changes by equatious. 

IRON. Fe'^*^ and y».— One of the few metallic elements which 
occnrs very abundantly in nature, mostly in the combined state. It 
will suffice if we consider more especially those iron ores which con- 
tain the metal in sufficient quantities and which are sufficiently free 
from deleterious substances (such as S, P, As), to render them 
suitable for the extraction of iron by the usual metallurgical pro- 
cesses. The most important iron ores are :-^ 
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Ist. Orbs containing Ferrous Oxide: — spathic or sparry iron 
ore, OOFeo", (spkaerosiderite) contoinmg yarjing qnantitieB of 
COMno", OOMgo", and COCao"; black hand or carbonaceous 
iron ore, a sphaerosiderite containing fi^om 20 to 25 per cent, of 
bitominons matter; clay ironstone (likewise a siderite) is, as its 
name indicates, associated with clayey matter. It is from these 
two ores that the greater part of the iron manufactured in this 
country is derived. They occur in immediate proximity to the coal 
measures and limestone beds — the fuel and flnx necessary for their 
reduction to the metallic state. 

2nd. Ores containinq Ferrous and Ferric Oxides : viz.y 

{PeO 
ji^qFco" (ferrous diferrio tetroxide). 

3rd. Ores containing Ferric Oxide only: viz,, red hcematite 
(fmca,ceou8 iron, oligist, specular iron or iron glance), 'F6"'s08 ^ 

I Vecfi (^^^^ oxide). This oxide forms different hydrates which, 

according to the amount of water which they contain, have received 

{PeOHo 
FoO 
jiqqO (tetraferrio 
FeOHo 
pentoxy-dihydrate) ; needle iron ore, brown iron ore, or pyrrhosiderite, 

FeOHo (^^®™® dioxy-dihydrate) 5 limonite or 

fFeOHo 



compact brown iron ore, broton hcsmatite, 2Fe303,3OH, 



FeHo, 

2=(0 

FeHo, 
I] 



.FeOHo 
(tetraferric trioxy-hexahydrate) ; (varieties : ooUtic iron ore, pea 

ore); yellow iron ore or xa/nthosiderite, Fe308,20ns = < jigxr O 

(diferric oxy-tetrahydrate). 

A few other iron ores deserve our attention. They are not 
used for the extraction of iron, but are valuable as a cheap source 
of sulphur, viz., iron pyrites, martial pyrites, or mundic, FeSs, 
found abundantly in nature ; Fe^Ss (diferrio trisulphide) ; copper 

{FfiS 
p^gCuas", and magnetic pyrites, SFeSyFeaSg 

= FOjSs} which may be expressed graphically, thus:— 

S=Fe Fe Fe Fe Fe Fe Fe=S 

! . . . I 

(Pentaferrous diferric octasulphide). 

Besides these ores, iron is found in nature in combination with 

r "As' 
arsenic and SULPHUR, in mtspicA^^ < MA./Fe,Fe'^S»; with chromium 
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f 'Gr"'0 BiU u 

aschrcmeironorei X^,n)i¥eo"; withsiLiCAasc^ZarqpaZ,SiO = Fe,o^, 

\ ^^ ^ SiO B 

SOHg, and many other Bilioates; as sulphate, in green copperas 
or green vitriol, S0Ho2Feo",6OHa ; as phosphate in vivianiie^* 
Pa02Feo"s,80Ha (triferrons phosphate), and others ; as arseniate, 
in scorodite, A8,0aFeaO^,4OH2, and others. 

REACTIONS IN THE DRY WAY. 

On heating the different iron compounds on charcoal before the 
blowpipe, they torn black and become magnetic ; when heated in 
the outer flame, on a borax bead, iron compounds impart a dark red 
colour to the borax, whilst hot, becoming lli^t yellow, when cold. 
In the reducing flame they giye an olive ffreen to bottle sreen bead. 

The reacUonB with miorocosmio salt are similar but less distinct. The prfr- 
senoe of Co, Cu, Ni, Gr oonceab the colour of the iron bead. Ferric sulphides 
«nd arsenides must be roasted, preyions to being introduced into the borax bead. 
When heated with OONaoj on charcoal, in the reducing flame, metallic iron is 
obtained as a magnetic powder. 

REACTIONS IN THE WET WAY. 

Iron forms two series of salts, viz., ferrous and ferric salts. 
It dissolves readily in dilute acids, such as HCl, SO1H03, forming 
ferrous salts, PeCU, SOaFeo", with evolution of hydrogen. Cold 
dilute nitric acid dissolves finely divided iron (iron filings) without 
evolving hydrogen gas, the nitric acid being decomposed, so as to 
form ferrous nitrate and a small amount of ammonic nitrate, 
thus :— 

4Fe -f lONOaHo = 4 1 NOa^««" "*" NOaAmo -h 30H,. 

The metal iron exists in all these salts in the dyad condition, but 
exhibits a marked tendency to pass into the tetrad condition. 
Exposed to the air, FeCla and SOgFeo" absorb oxygen and are gra- 
dually converted into ferric salts. The same change is produced by 
the action of various oxidising agents, such as CIj, Bra, I29 GlNao, 
KOsCl in the presence of HCl, NOaHo, NOaAgo, AuCl„ HgCl„ 
MxisOeKoa, CrOsKoa, and others. We possess therefore in ferrous 
compounds powerful reducing agents. 

The tetrad condition appears to be the natural state of existence of the metal 
iron. This is rendered eyident, moreoyer, by the limited number of ferrous com- 
pounds which exist in nature. The latter must be Tiewed as unsatisfied bodies, 
which, under favourable conditions, deprive other bodies, directly or indirectly, 
of oxygen, to form ferric compounds. Dyad iron, Fe'' (called ferrosum) has 
two bonds latent, wliich it is eager to satisfy, so as to become oonyerted into the 
more stable tetrad iron, Fe'^ (orferrieum), in which condition it occurs in nature 
in combination with sulphur only, as FeSj, without forming any corresponding 
oxygen, chlorine, etc, compounds. Two atoms of tetrad iron are invariably 
linked together in ferric oxide, chloride, etc., whereby iron becomes a peeudo- 
triad element. It is possible to combine, by artificial means, three atoms of 

* Contains also ferric phosphate, PtOsFeso^SSOHi, to which the blue colour 
of the mineral is due. 



as 
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oxygen with one atom of iron, so as to form ferrates, as in potassio ferrate, 
FeOjEof, in which compoand the iron exists as a hexad element. 

These different combining conditions of the metal iron may be 
represented graphically, thus : — 

\/ 

Dyad iron — Fe— , e.g., in PeClz, FeO, FeS. 

/\ 

Tetrad iron — Pe— , or pseudo-triad iron, — Pe— Fe— , e.g., in 

/I I I * 

WAivQ /'Fe'"Cl3 f'Pe"'SQ f'Fe"'0^ ,, ,, 
*e ba, |'pe"'CV \'Pe"'S^' VPe"'0^' ^*^ 

Hexad iron — Fe— , or =Fe=, cat., in Pe'^OaKoj. 

y\ II 

A. Ferrous compounds. — ^We employ A solution of ferrous 
SULPHATE, SO,Feo", = SOa(OaFe)". 

SAms (gToap-reaffent) gives a hlach precipitate of ferrous 
Balphlde, FeS, insoluble in alkalies and alkaline sulphides, decom- 
posed by dilute hydrochloric acid with evolution of sulphuretted 
hydrogen. The moist precipitate absorbs oxygen from the air, and 
is rapidly converted into ferrous sulphate, and lastly into yellow 
basic ferric sulphate, with evolution of much heat. (This oxidation 
constitutes a frequent cause of the spontaneous inflammation of 
pyritical coal (which contains FdTSs) on board vessels.) 

SHg does not precipitate neutral or acid solutions of ferrous salts ; ferrous 
acetate even is only partially precipitated. 

KHo, NaHo, or AmHo precij)itates from ferrous salts (free from 
ferric salts) white ferrous hydrate, FeHoa, which turns rapidly to a 
dirty green colour, and ultimately becomes reddish brown, owing to 
absorption of oxygen from the atmosphere. Ammonic salts par- 
tially prevent the precipitation by the fixed alkalies, and AmHo 
g^ves but a slight precipitate in a ferrous solution, containing a 
sufficient amount of AmUl. The presence of non- volatile organic 
acids, of sugar, etc., also prevent the precipitation more or less. 

. CONaos, OOKoj, or OOAmos precipitates white ferrous carbonate, 
COPeo", which becomes rapidly oxidized when exposed to air. 

KiPeCye (potassic ferrocyanide) produces, by the replacement of 
Ka by Pe", a hhdsh-white precipitate of dipotassic ferrous ferro- 
cyanide, KaPe'TeCy., thus :— 

SOjFeo" + KiPeCye = KaPe'TeCye -h SO2K02. 

Bluish-white 
precipitate. 

insoluble in hydrochloric acid. The light blue precipitate is rapidly 
converted into a dark blue precipitate, or Prussian blue, either by 
exposure to the air, or more speedily by an oxidizing agent, thus : — 

D 2 
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4K,Fe"FeCy6 -h 2C1, = 3FeCya,2Fe,Cyfl + 4KC1 + B:4FeCy6- 

PruBsian blue. 

KeFeaGjia (potassic ferrlcyanlde) produces a dark Hue precipitate 
of trlferrous diferrtc dodeeacyanlde, Fe^'sTe'^'sGyM (TumbiiU'sblae), 

insoluble in hydrochloric acid, thus : — 

3S0,Feo" -h KeFejCyia = Fe'VFe"',Cyia -h SSOjKo,. 

Tombull's blue. 

NaHo or KHo decomposes both precipitates with formation of 
soluble alkaline ferro- and ferricyanides, and separation of ferrous 
and ferric hydrates, thus : — 

(1) KjFe"FeGy« + 2KHo = KiFeCje + FeHo,. 

(2) 3FeCy:»,2Fe,Gye H- 12NaHo = BNaiFeCy, -h 2Pe,Hoe. 

(3) FeVFe'",Cy„ + 8NaHo = 2Na4FeCy« + Pe,04+40H, 

These precipitates cannot form, therefore, in an alkaline solution. 
Gy Ks (potassic salphocyanate) gives no indication, if the ferrous 
contains no ferric salt. 

B. Ferric compounds. — ^We employ A solution of Febbig Chlo- 

SAm2 (sronp-reascnt) produces a hlaclc precipitate of ferrous 
solplilde, FeS, mixed with sulphur, thus: — Fe,GU +38 Am, = 2FeS 
+ S + 6AmGl. Dilute solutions of iron give only a greenish colora- 
tion. 

On dissolving the black precipitate in dilute hydrochloric acid, 
sulphuretted hydrogen is evolved, and white insoluble sulphur is 
left. (Distinction between febbous and febbig salts.) Sulphur 
is not capable of forming a ferric sulphide in the wet way ; native 
sulphides exist, however, viz., FeS, and FOaSs, which are insoluble 
in dilute hydrochloric acid, but dissolve with evolution of SHa in 
the presence of metallic zinc. 

oHa does not precipitate FeiGl«; its hydrogen acts as a reducing 
agent upon the ferric salt, converting it into 2FeGla and 2HG1, white 
sulphur being precipitated, which renders the solution of the ferrous 
salt milky. 

KHo, NaHo, or AmHo precipitates the reddtah brown ferrle 

r 'Pe'"Ho« 
hydrate, Fe,0a,2OH2 = < 'Pe'^Ho!^* ^^ dtftrrte oxjtctralijdrate, 

insoluble in excess and in ammonic salts (except COAmoi). Non- 
volatile organic bodies (e.g., tartaric or citric acid, sugar, etc) 
prevent its precipitation by AmHo, but not by SAma. The pre- 
cipitate retains with great tenacity small portions of the fixed 
alkalies. 

CONaoi, COEoa, and COAmos produce the same precipitate 
with evolution of carbonic anhydride. 

POHoNaoa (hydrle dlsodle pliosplMite) produces a yellowieh 
white flocculent'gelaHnoua precipitate of ferrle piMsphatc, PaOgFesO^, 
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+ 4Aq. The precipitation is complete onlj in the presence of sodic 
or amnionic acetate, thns : — 



/OH3 _ 



FeaCl. -h 2POHoNao, + 2 1 q^^ = P.O^Fe^^ -f 

+ ^ I OOHo- 



6NaCl 



On the addition of the first few drops of hydric disodic phosphate, 
and as long as the ferric salt is largely in excess, the precipitate may 
disappear again, especially on gently warming, since it is somewhat 
flolable in ferric acetate. When the precipitation is nearly complete, 
the ferric phosphate separates more speedily, especially on. stirring 
and gently heating, and allowing to subside after each addition of 
the phosphate solntion. The precipitated ferric phosphate should 
be filtered hot, and washed by decantation with not water. It is 
soluble in dilute mineral acids — hence the addition of an alkaline 
acetate ; insoluble, however, in acetic acid, like the corresponding 
chromic and aluminic phosphates. 

Phosphates of the alkaline earthy metals (Ba, Sr, Ga, Mg), which 
are readily soluble in acetic acid, may thus be separated by filtration 
from the phosphates of Fe*^, Al*^, and Cr*^. Owing to this pro- 
perty of £erric phosphate, it is also possible to decompose alksdine 
earthy phosphates, in a sodic acetate and acetic acid solution, by 
adding, drop by drop, a neutral solution of ferric chloride, according 
to the equation : — 

2POHoBao" + 2 {g^^ + (goHo + ^^^^ = PaOaFe^ovt 

+ 2BaCl, + 2NaCl -f 3 1 § J^^, 

as long as a yellowish white precipitate comes down, and till the 
bupematant liquid becomes just red, from the formation of ferric 
acetate. 

Ferric phosphate dissolves in excess of hydric disodic phosphate, 
in the presence of ammonic hydrate or carbonate, to a brownish-red 
solution. It is somewhat soluble in ferric, but not in ferrous acetate. 
Alkalies decompose it with difficulty only. Ammonic hydrate reduces 
it to a basic phosphate (P40(Fea06)^Fei0^a + 16 aq.). Potassic or 
Bodic hydrate removes nearly the whole of the acid. Fusion with 
caustic fixed alkalies, or with fusion-mixture, or boiling with ammonic 
sulphide, decomposes ferric phosphate completely, leaving the iron 
as oxide or sulphide, from which the soluble alkaline phosphate can 
be separated readily by filtration. 

Citric or tartaric acid prevents the precipitation of ferric phos- 
phate. 

K^FeCy. gives a fine blue precipitate, 3FeCy2,2Fe,Cy6, known as 
Pnurian blue, thus :— 2Pe2Cl. -f 3K4FeCy. = 3FeCy„2Fe,Cy6 + 
12KC1. Insoluble in hydrochloric acid ; decomposed by KHo or 
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i. t 



NaHo ; soluble in oxalic acicl ; soluble also in ezoess of KiFeCjc, to 
a blue solution. 

KeFejCyw produces no precipitate, but tbe yellow colour of the 
ferric solution changes to reddish hrotim. (Distinction between 

FEEBOUS AND FERRIC SALTS.) 

CyKs (potassic sulpliocyaiiate) gives a dark red or hhod red 
colour, even in the case of very dilute solutions, whicb is not 
destroyed by hydrochloric acid. The sensitiveness of the reaction 
is heightened by shaking a hydrochloric acid solution containing 
mere traces of a ferric salt witn ether. The blood red ferrte sulplio- 
cyanate, CyeFeaS"^, being soluble in ether, becomes thus concentrated 
into a small bulk of liquid. The colour of the liquid is readily 
destroyed by a solution of mercuric chloride (also by tartaric or 
phosphoric acid). (Distinction of Fe" from Fe*'^.) 

This confirmatoiy test should inyariably be applied, because ferric acetate, 
when heated in presence of acetic acid, gives likewise a deep red ooloration, 
which becomes Ughter coloured on cooling. 

Excess of soiUc acetate, added to a solution of a ferric salt, pro- 
duces a deep red-coloured liquid, owing to the formation of ferric 
acetate. On diluting and boiling, the whole of the iron is preci- 
pitated as basic ferric acetate in the form of brownish yellow flaJces^ 
which should be filtered hot, and as quickly as possible, as soon as 
the fluid has become clear. (Method for separating Fe^^ fbom Mn'.) 

Ammoiilc ■ucdnatc or bcnsoate precipitates ferric, but not feonous salts, 
as ferric succinate or bcnzoatc* The ferric solution should be perfectly 
neutral. Salts of FeO, UnO, OoO, NlO, ZnO are not precipitated. (Msthod 

OF BEPASATION OF Fe*^ FBOM Fe'^ MK, Ki, Co, ZN.) 



Freshly precipitated and well washed baric or caldc 
suspended in water, precipitates ferric (not ferrous) chloride, as 
ferric hydrate, FOaHoe, mixed with basic salt, with evolution of 
carbonic anhydride. The reagent is added to the neutral ferric salt 
in the cold, and well shaken up with it, till the reddish broion pre- 
cipitate acquires a whitish appearance, from excess of the alkaline 
ecothy carbonate. 

COBao" separates in like manner the higher or -ic chlorides of 
this group from the lower or -ous chlorides. In order to separate 
ferric from ferrous compounds, or ferric (chromic and aluminic 
compounds) from ferrous, zincio, manganous, oobaltous, and nickelous 
salts, it is necessary that these metals should all be obtained in the 
form of chlorides, when, on the addition of baric carbonate, the 
respectiye hydrates, mixed with basic salts, are precipitated from 
the ferric, etc., chlorides, whilst ferrous chloride and the chlorides 
of Zn, Mn, Ni, and Co, are not affected. Air has to be excluded as 
carefally as possible, in order to prevent the oxidation of the ferrous, 
manganous, and cobaltous oxides ; and the reactioo should be per- 
formed in a small flask, filled nearly to the neck with the liquid, and 
kept well stoppered, after the evolution of the carbonic anhydride 

* The formul» of these compounds will be explained under the reepectire 
acids. 
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has ceased. The addition of ammonic chloride, previotiB to tho 
precipitation with baric carbonate, almost entirely prevents any 
cobaltous and nickelons hydrates from falling ont with the baric 
carbonate precipitate. (Method fob sepabjltikq Fe'^, (also Al and 
Cb), from Fe", Zn", Mn", Ni", and Co".) 

The precipitate is filtered off and dissolved in hydrochloric acid ; 
the barinm is removed by means of dilute snlphnric add, and the 
iron, etc., precipitated by AmHo. 

Tannle as well as gallic acltf (tinctuie of nut-galls) produceB from neutnd 
ferric salts a bluish black precipitate (ink), readilj soluble in adds. 

A yeiy delicate reaction for Fe*^ consists in adding a few drops of a solution 
of potassic ferricjanide to a dilute solution of a ferric salt, and next a few drops 
of a yeiy dilute solution of stannouB chloride, SnCla. A blue precipitate indi- 
cates the presence of iron, thus : — 

(1) FegClft + KsFeapjis gives no precipitate, but merely a dark brown 

coloration. 

(2) FesCl« + SnCl, - SFeCl, + SnC^. 

(8) SFeCls + KaFeaOjia = Fe^jFesCju + 6Ka. 

Tumbull's blue. 

A ferric salt when coming in contact with certain bodies (especially bodies con- 
taining some latent bonds) which possess a stronger affinity for oxygen, chlorine, 
etc., than the ferric compound, acts towards such bodies as an oxidlzin v mvent. 
Thus S*^OHos is converted into S^^OsHos ; KI gives off iodine ; Sn^'Clj is oon- 
yerted into Sn*^Cl4 ; SSONaoj (sodic hyposulphite) u oxidized to SOjHoNao. 
Iron or zinc readily reduce ferric to ferrous salts. 

C. Ferric anhydride, Fe^'Os, or ferric acid, Fe^^OsHos, containing hexad 
iron, has never been obtained in an uncombined state. The alkali salts only are 
known and are obtained, like the alkaline manganates, by fusing iron filings with 
nitre. Ferrates are decomposed far more readily than manganates. 

QUESTIONS AND EXERCISES. 

1. Mention compounds illustrative of the dyad, tetrad, and hexad nature of 

iron. 

2. Enumerate some of the most important iron ores used for the extraction of 

iron in this country. Give constitutional and graphic formulie. 
8. Which are the more important sulphides of iron ? Qive constitutional and 

graphic formulie. 
4. Give the graphic formul® of ehloropal, chrome iron ore^ green copperas, and 

vivianite. 
6. How is iron detected in the diy wa^ ? 

6. What takes place when iron is dissolved in HCl, in SOsHoj, or in dilute 

NOjHo ? 

7. Explain the change which takes place when FeClj is severally acted upon 

by atmospheric air, by chlorine, KOjCl and HGl, NOjHo, HsCl^, 
AuClj, and by MnjOeKoj and HCl. Express the changes by equa- 
tions. 

8. Give graphic formulie for ferric chloride, ferric hydrate, ferrous sulphide, 

dipotassic ferrate. 

9. Explain the action of SHj and SAm2 upon ferric salts, 1st, in acid solutions ; 

2nd, in neutral or alkaline solutions. 

10. How does K4FeCyo and K«FeaCyis enable us to distinguish between ferrous 

and ferric salts ? 

11. State why KJ^e^yn, in the presence of SnClj, produces a blue precipitate 

with ferric salts. 
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12. Explain the action of CjKb upon fenroiu and ferric salts. 

18. Explain the action, Ist of | qoHo' ^^' ^ KHo, 8zd, of K4FeCye upon 

Prussian blue. 
14. What change is produced when Fe^Gle is brought together, Ist, with SO^, 

2nd, with SnCls ? 
16. Explain the action of metallic iron or metallic dnc npon SiOeFesO^. 

16. How would you prepare dipotassic ferrate? Explain tiie action, Ist^ of 

water ; 2nd, of HUl upon it. 

17. How much hydrogen gas by weight and Tolume (at (f C, and 760 mm.) is 

obtained when 10 grms. of metallic iron are dissolred in dilute hydro- 
chloric acid? 

18. How much sulphurous anhydride gas by weight and by Tolume is required 

to reduce 1*824 grm. of ferric sulphate to ferrous sulphate ? 

19. Describe the properties of ferric phosphate. State why an alkaline aoetate 

has to be luided, previous to precipitation with hydrie disodic phosphate* 
and explain the decomposition of the phosphates of the alkaline eartha by 
means of ferric chloride in an acetic solution. 

20. The yalue of a ton of Sicilian sulphur (containing 94 per cent, of S) is £5, 

that of a ton of iron pyrites, FeSj, containing 46*6 per cent, of sulphur, 
£1 lOff. Sd. Ascertain which can be more profitably worked in the manu- 
^u^ure of sulphuric acid, haying regard merely to the respeetiye sources of 
sulphur. 

21. How much metallic iron is required to manufacture one ton of ciystallised 

ffreen viiriol t 

22. '482 grm. of broum hitnuUiU ore gave '860 gnn. of FesOi. What is the 

percentage of metallic iron in the ore, and what the percentage of brown 

Xamedite present ? 
28. How is FesOg separated from FeO ? Describe two methods. 
24. How would you separate FejOs from Zn", Mn", Ni'', and Co"? 
26. Why is it preferred tp precipitate FesCli by means of AmHo, instead of 

K5o? 



CHROMIUM,. Gr", ^""^ and ""*.— This element is comparatively 
rare. It occurs in nature 6ta<^fi.j as chrome iron ore^ Cra(3s,FeO = 

CrO^^"* and crocoisUe^ CrOaPW. Cliromic oxide oonstitntes 
the colouring pmtter in mby, green serpentine, etc. 

REACTIONS IN THE DET WAT. 

Chromium compounds are readily recognized by the very charac- 
teristic vrfen colour which the oxide imparts to borax and micro- 
cosmic salt, especially in the reducing flame. Finely powdered 
chrome iron ore, when fused in a platinum spoon or crucible with 
four times its weight of hydrie potassic sulphate, and then with the 
addition of an equal bulk of nitre and COKos (equally mixed), yields 
a yeUow mast of poteMte chromate, CrOiEoa, which is soluble in 
water. 

BEACTIONS IN T^E WET WAT. 

Chromic salts can be prepared from the yellow CrOsKoi, or the 
red dipotassic dichromate, CrtOsEoi, by heating with dilute hydro- 
chloric acid and adding alcohoL drop by drop, when the yellow 

f 'Cr "CI 
solution changes to a deep green solution of CrgCU = < 'Gr^"Cl'' 

in which the Cr exists as a tetrad element. 
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A lower chloride, CrClji has been prepared in which Or acts as a dyad element ; 
but as it has to be carefully kept from tne air to prevent its becoming rapidly 
oxidised, and as it is of no real practical use, a passmg notice of it will suffice. 

Chromiam is capable of forming three series of componnds* 

Chiomous compounds Chromic compounds Chromates 

containing dyad Cr. containing tetrad Gr. containing hezad Cr. 

Or"Cla. 'Or"',C]e. Oi^O,Koa; 

Or"0. 'Or"',08. Or^'OaPbo". 

Cp"Ho,. 'Cp"',Hoe. 

of whicli we purpose studying onlj the two latter. 

A. Chromle ComfM^niitfs. — ^We employ a solution of Chbomig 
Chloride, CraGl«. 

SAma (ffronp-remffeiit) precipitates hlutsh green ehromic hydrate, 
OrgHos, insoluble in excess. 

AmHo precipitates the hydrate, somewhat soluble in excess, the 
fluid acquiring a pink tint. The precipitation is complete on 
boi ling. 

KHo or NaHo, same precipitate, readily soluble in excess to a 
green solution ; reprecipitated by long-continued boiling or on 
adding AmCl, whereby tne fixed alkali is remoyed as KCl or NaCl 
with substitution of AinHo. 

CONaos aud COAmOt give greenish precipitates of basic car- 
honatcB (varying in composition), somewhat soluble in excess. 

POHoNaoa (hydrie dlsodle phosphate) precipitates green 
Chromic phosphate, PaOiCrsO^, soluble in mineral acids, insoluble 
in acetic acid. 

COBao" precipitates basic carbonate. The precipitation takes 
place in the cold, but is completed only after long digestion. 

In the presence of citric, tartaric^ and oxalic acid, also of sugar, 
the precipitation of chromic salts by means of ammonia, sodic, or 
baric carbonate is more or less incomplete. 

Chromic compounds may be recognised also by converting the 
chromic oxide into chi'omic acid. This may be accomplished : — 

1st. By boiling a solution of CrjCl^ with FbOa and KHo or 
NaHo. The reaction which takes place, and which is indicated 
by a change of colour (from green to yellow), may be expressed 
thus : — 

(1) OraCle + 6KH0 = Cr,Ho, + 6KC1. 

Soluble in 
excess of KHo. 

(2) CraHoe + SPbOa = 2Cr02Pbo" + PbO + SOH,. 

Soluble in Soluble in 
KHo. KHo. 

* The intennediate oxides, CrsOa,CrO — i CrO^^ ' (^hromous dichromio 
tetsoxide), and CrOa (chromic dioxide) cannot be considered here. 
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On acidulating the solntion with acetic acid, a precipitate of 
plumbic chromate, CrOiPbo" is obtained. 

2nd. By boiling a solution of CrjCU with NaHo and sodic hypo- 
chlorite, CINao, thus : — 

CrjHoe + 3ClNao + 4iNaHo = 20r03Nao, + SNaOl + SOH,, 

YeUow Bodio 
chromate* 

« 

3rd. By fosion with alkaline carbonates and nitre (or, better 
stiU, with potassic chlorate), on platinum foil. 

B. Chromle mafliytfrltfe, Cr^Os. — Chromic acid, OrOtHoi, com- 
bines with KHo to form two salts, the normal, or yellow chronuUe, 

( OrOjKo 
CrOsKos, and the orcmge red dichromaley < O , isomorphous 

tCrOiKo 
with the corresponding sulphate and disulphate. A solntion of the 
neutral (yellow) chromate is changed to an orange red (acid) dichro* 
mate solution on boiling with nitric acid, one half of the alkaline 
base being removed in the form of potassic nitrate. The two salts 
are separated by crystallisation. 

The anhydride may be prepared by slowly adding to a cold saturated solution 
of the red dipotassic dichromate 1\ times its bulk of concentrated sulphuric acid, 
and allowing it to cool slowly. CrOs dystallises out in brilliant crimson red 
prisms. The mother-liquor is poured off, and the crystals placed to drain upon a 
porous tile or slab of unglazed porcelain (biscuit) and kept coyered with a bell- 
jar. They must be preseryed in a well-stoppered bottle. 

Chromic anhydride is one of the most powerful oxidizing agents 
known. Two molecules of CrOa yield upon ignition chromic oxide 
and three atoms of oxygen, according to the equation : — 

2CrO, = CraO, + Oj. 

The metal chromium appears to exist in nature mostly in the tetrad and 
hexad state, as a glance at its natural oomnounds will show. Chromium differs, 
howeyer, in a marked manner from iron ana manganese, which can likewise exist in 
the tetrad and hexad state, by forming more stable hexad compounds (chromates), 
whilst in perohromio acid, on the oUier hand, the metal chromium appears to 
hold the oxygen less firmly than manganese holds it in permanganic acid. 

Reactions op CrOa based upon its Oxidizino Action. 

A solution of dipotassic dichromate, CraOftEoa, may be em- 
ployed. 

SHa, in the presence of free hydrochloric acid, reduces the orange 
red solution to a green liquid, sulphur only being precipitated, 
thus : — 

Cr,OaKoa + 8HC1 + SSH, = Cr,CU + 2KC1 + 70Ha -f S,. 

SAmz, added in excess to a solution of an alkaline chromate or 
dichromate, precipitates dirty green liydrmtctf 
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On boiling, the whole of the chromium separates as green chromic 
hydrate, thns : — 

CraOsKo, + 3SAm, + 70Ha = OrjHoe + 83 + 2KHo + 6AmHo. 

In the one case the Ha of the SH2 acted as the reducing agent ; 
in the other the (NH4)3 of the SAma. 

SOH02, in the presence of a little free SOsHoj, reduces the 
diohromate to chromic sulphate, thus : — 

CraOftKo, + 3SOH02 -h SOaHoa = SjOeCraO^ 4- SOaKoa + 4OH2. 

Chromic sulphate and potassic sulphate constitute potassium 

SOaKOn 

SO = J 
chrome alum, or (dipotassic chromic tetittsulphate) oq*. OraO^^. 

SOaioJ 

I GOH^ (oxalic acid), .in the presence of free acid (dilute 

sulphuric acid), produces the same reaction, carbonic anhydride 
being evolved. Six molecules of COa become the measure for one 
molecule of dipotassic dichromate. Tartaric and citric acid act in 
like manner. 

SO2K0-, 

OraOftKoa -f 3 1 QQ^^ + 4SO,Hoa = goSE'"'^ ^" ^°^» + '^^^'' 

SOaHoa (concentrated) reduces the dichromate, on the applica- 
tion of heat, with evolution of oxygen and formation of potassium 
chrome alum, thus : — 



{ 



CrOaZo ?S'Sl 

O + 4SO,Ho, = Sn'CriK)'' + 40Ha + 0,. 

O'O'Ko ami 



HCl (concentrated) evolves chlorine, and the hydrogen combines 
with the three avaUable atoms of oxygen in the dichromate thus : — 

rOrOaKo 

^ O + 14HC1 = CraCl* + 2K01 + 70H, + 3Cla. 

[OrOaKo 

ASaOs (in a hydrochloric acid solution) is converted into 
AsOHos, thus : — 

{OrOaKo 
O + 3AflHo3 -f 8HC1 = CraCl« + 2K01 + AsOHoa 

OrOaKo -f 40Ha. 

SnCla, SbCls, PeCla, Zn (Fe, Sn, etc.) in the presence of dilute HCl 
reduce likewise chromates or dichromates. 
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Reactions fob CrOs produced bt Double Decomposition. 

Gliroinates of the alkalies and alkaline earthy bases (wiih ihe 
exception of baric chromate), also of iron (Fe'^), zinc, manganese, 
and copper, are soluble in water ; all other chromates are insoluble, 
but dissolve readily in dilate nitric acid. 

BaCli, added to a solution of a normal chromate (or dichromate), 

gives a light lemon yellow precipitate of barle chromate, CrOaBao", 

even in very dilute solutions ; insoluble in acetic acid, readily soluble 

in nitric or hydrochloric acid, and reprecipitated by Am Ho. 

fCH, 

1 CO 

> ^qPIk)" (plumble acetate) gives a fine lemon yellow precipi- 

JOH. 
tate of plumlilc chromate, CrOzPbo", soluble in KHo, sparingly 
soluble in dilute nitric, insoluble in acetic acid. The neutral salt is 
converted upon digestion with alkalies into a basic red chromate, 
CrO(PbOa)^'Pbo". 

NOiAgo (argentic nitrate) gives a dark purple red precipitate of 
argentic chromate, CrO^AgOa, soluble in nitric acid and ammonia. 

r CrOaAgo 
From weak acid solutions arscntlc dlchromate, < , is pre- 

LOrOaAgo 

dpitated. 

NO 

^q-Q^Hgao" (mercnrous nitrate) gives a dark hrick red basic 

precipitate of CrO(HgaOa)"HgaO*, which on ig^tion is converted 
into oxygen, mercury, and finely divided green CraOa. (Method 
OF separating Chromic Acid from Chromic Oxide.) 

On bringing together a little chromic acid with hydric peroxide, OaHf, in an 
aqueous solution, a deep indigo-blue solution is produced, owing probably to the 
formation of fbbobbomic acid, in which compound chromium plays the part of 
a pseudo-octad element, analogous to manganese in permanganic acid. 

A solution of perchromic acid decomposes, howerer, rapidly with evolution of 
oxygen, leaving CrOaHos, and its constitution is yet doubtful. A solution in ether 
is far more stable than an aqueous solution. It is obtained by adding ether to a 
very dilute (add) solution of OsHai and then a drop of a dilute solution of a 
chromate. On shaking up gently the ether takes up the whole of the perchromic 
acid, and acquires an intensely blue colour. Mere traces of CrOa can be dis- 
ooymd in this manner, or vice vertd the smallest quantities of OaHa. 

QUESTIONS AND EXERCISES. 

1. Which is the most important chromium ore P Give symbolic and graphic 

formulsB. 

2. How is chromium detected in the diy way P 

8. What analogy exists there between chrome iron ore and rhromous dichromic 
tetroxide ? 

4. Describe how chromic chloride or sulphate is obtained from an alkaline 

chromate. 

5. Give STmbolic and graphic formulas for dipotassic chromate and dichromatr, 

and trace their analogy with the corresponding sulphates. 

6. Peecribe the reactions by double decomposition which you can produce v^itli 

chromic compounds. Give equations. 
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7. How can ohromic compounds be converted in the wet way into chromates ? 

G^iye instances, and express the changes bj equations. 

8. How is chromic anhydride prepared ? 

9. GKtc instances of the oxidizing action of chromic acid. Express the changes 

by ffymbolic equations. 

10. What IS the composition of potassium chrome alum ? State shortly by what 

processes it is prepared m)m chrome iron ore. 

11. You hare giren to you oxalic, hydrochloric, and concentrated sulphuric adds, 

dipotassic dichiomate and water. State how you would prepare OOj, O, 
or CI gas from these materials, and express the changes by equations. 

12. What is the action of nascent hydrogen upon alkaline chromates ? G-ire 

several instances, and express the changes by equations. 
18. Describe some of the most characteristic reactions for chromic acid produced 
by double decomposition. Give equations. 

14. How would you distmguish between chromic oxide and chromic acid occur- 

ring in one and the same solution ? 

15. Which chromates are soluble and which are insoluble in water? 

16. What evidence is there for the existence of perchromic acid ? 

17. How can we test for mere traces of hydric peroxide ? 

18. Calculate the percentage composition of potassium chrome alum containing 

24 molecules of water of crystallisation. 

19. How can Cr be separated from every other metal of G-roup III, except Mn ? 

20. How can OraO, be separated from te", Zn", Mn", Ni", Co" salto ? 

21. 1*600 grm. of chrome iron ore yielded 2*95 grms. of OrOjPbo". What per- 

centage of Cr does the ore contain, and how much dipotassic dichromate 
can be manufactured from one ton of the ore ? 

22. 1*2 grxn. of a sample of sodic chromate yielded with oxalic acid '89 ^rm. of car- 

TOnio anhydride. What percentage of chromic anhydride did it contain P 



ALUMINIUM, Al" and »^— One of the metallic elements which 
occurs most abundantly in nature, both in the form of the oxide, and, 
as an important constituent of many minerals, in combination with 
SILICA, with SULPHXTBIG, PHOSPHORIC, and other acids ; and in the form 
of FLUORIDE in cryolite^ and the rare topaz. For a list of some of the 
more interesting aluminic compounds the student is referred to 
Frankland's '* Lecture Notes," page 179. 

REACTIONS IN THE DRY WAT, 

Alumina, when heated on charcoal, is distinguished from other 
earths by its property of assuming a beautiiul set blue colour, 
after being moistened with a solution of cobaltous nitrate and ignited 
once more strongly, owing to its forming with the cobalt oxide a 
quasi-salt— cobaltous alummate. This test is not always decisive, 
and becomes inapplicable when coloured oxides, such as FetOg, 
MnO, ilbc., are present, in which case recourse must be had to the 
examination in the wet way, in order to discover AlaOs. 

REACTIONS IN THE WET WAT. 

We employ A solution of ammonium alum, SiOsAmoaAlao^ = 

S40B(OAm3g(OsAl2)'^, in which Al plays the part of a tetrad (pseudo* 

r 'A1"'C1 
triad) element, or of aluminic chloride, < ' ai^'qi'* 
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SAnia gives a white gelatinous precipitate of itlainlnle tudrmte, 
AlaHo», sulphuretted hydrogen being evolved, thus : — 

SiOgAmoaAlaO^ -f 3SAma + 60Ha = AlaHo« + 4rS0,Amo, 

+ SSHj. 

KHo or NaHo* precipitates the hydrate, readily soluble in 
excess, reprecipitated by excess of AmCl, or by AmHo, iiler neutrali- 
sation of the alkali by hydrochloric acid. The alkaline solution is 
not precipitated by SAnia (method of separation of Al from Fe*^). 

AmHo precipitates the hydrate, somewhat soluble in excess, in- 
soluble in the presence of much ammonic chloride, and on boiling. 

OONaos or COAmo2 precipitates basle earbonate of unoertain oom- 
position. 

COBao" completely, but slowly, precipitates AlfHoe, mixed with 
hasle salt, even in the cold. Carbonic anhydride escapes. 

POHoNaOa gives a bulky white precipitate of alumlnlc phosphate, 
PaO^AliO^^, insoluble in AmHo and AmCl ; soluble in KHo or NaHo, 
like the hydrate (AmCl reprecipitates the phosphate from the soda 
solution), and in acids, but not in hot acetic acid (Distinction qp 
AlaOs FROM Aluminic Phosphate). Alkaline acetates precipitate 
PjOaAlsO^ from its solution in mineral acids. The presence of 
citric acid, but not of tartaric acid or of sugar, prevents its precipi- 
tation. 

In order to decompose aluminic phosphate (e.ff., in the mineral waveUiU, 
p40(AlsOfl)^*AlsO^*3,120H^, it is best to fuse the finely powdered mineral with li 
part of finely diyided SIO* and 6 parts of CONaOf, in a platinum crucible, for 
about half an hour. The mass is digested for some time with water, and 
COHoAmo added in excess ; it is then filtered and washed. The residue consists 
of aluminic and sodic silicate, the solution contains the sodio phospliat«. 
Dissolre the residue in dilute hydrochloric acid, and eyaporate to diyness to 
separate the silica, and filter. The filtrate may be tested for Al in the usual way. 

Alumina occurs mostly in minerals which are not soluble in 
acids. Boiling with concentrated sulphuric acid attacks many ; all 
are, however, decomposed by j^ion with SOaHoKo, or with fusion 
mixture, and become readily soluble in water or in dilute hydro- 
chloric acid. 

Powder up some porcelain very finely, and fuse for half an hour in a platinum 
crucible, with four times its weieht of fusion mixture. Extract witn water. 
Transfer both the soluble and insoluble portion — consisting of alkaline aluminate — 
to a porcelain dish, acidulate with hydrochloric acid, and eyaporate to diyness. 
Take up with a few drops of concentrated hydrochloric acid and hot water, and 
filter ; wash the insoluble SiOf well with hot water. The filtrate contains the 
aluminium as AljCl^, from which it can be precipitated as usual. 

Aluminic silicate is often found in nature associated with potassic 
or sodic silicate, as in felspar (dipotassic aluminic hexasilicate), 

* Potassio or sodic hydrate is mostly contaminated with alumina, derired 
during the manufacture from porcelain yessels, etc., and it is, therefore, absolutely 
necessary to employ pure NaHo (prepared from sodium) for the separation of 
Fe and Al. It must likewise be recollected that NaHo acts destructiyely upon 
porcelain and glass vessels; the precipitate should, therefore, not be heated 
longer than is necessaiy for its complete precipitation. 
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SUOgKoiAUo^, and albite, Si608Nao3Al20^. In order to test for 
potassiam and sodium, alkali salts most, of coarse, be carefully 
avoided. This can be done bj making use of hydrofluoric acid. 

Introduce a small quantity offinel^ powdered y^/j^ar into a platinum crucible 
or dish ; treat with liquid hydrofluoric acid, and evaporate at a gentle heat in a 
closet which is connected with the chimney. HF attacks the SIO2, forming 
silicic fluoride, SiF4 — a volatile compound — and leaves the aluminium and 
potassium behind as fluorides readily soluble in dilute hydrochloric acid : — 

SleOsKojAljo'* + 32HF « 6SIF4 + 2KF + AljFa + I6OH2. 

The deco mposition is generally only completed after two or three evaporations 
withHF. 

QUESTIONS AND EXEBOISES. 

1. Enumerate some of the more important aluminium minerals ; give constitu- 

tional and graphic formulas. 

2. How is AlgOa detected in the dry way ? 

3. G^ive equations for the reactions of aluminium in the wet way. 

4. How is wavellUe examined for alumina ? 

5. How can insoluble aluminium minerals be rendered soluble in water or 

acids? 

6. Explain the action of HF upon felspar and albite. 

7. How can AI^O^ be separated from FojOs P 

a How i3 AljOa separated from Fe", Zn", Mn", Ni", Co" compounds ? 
^ 9. Calculate the percentage composition oi felspar. 
10. How can Al^O^ be distinguisued from PsO^AljO^^ ? 



The separation of the metals of Group III is surrounded by some 
difficulties, on account of the unavoidable complication which arises 
from the possibly simultaneous precipitation of — 

1st. Sulphides, viz., NiS, CoS, MnS, ZnS, FeS. 
2nd. Hydrates^ viz., Cr2no6, AljHoe, and 
3rd. Phosphates of Gr, Al, Ba, Sr, Ca, Mg, 

and it is therefore well always to ascertain, by a special experiment, 
whether phosphoric acid, in combination with the above metals, is 
present or not in the solution under examination. 

This can readily be done by adding Am CI, AmHo, and SAm2 
to a small portion of a solution of metals of this group (or to the 
filtrate from Group II). On dissolving the precipitate which these 
reagents produce in a little concentrated nitric acid, and adding a 
solution of ammonic molybdate,* a yellow precipitate is obtained 
(especially on digesting for some time at a gentle heat), showing 
the presence of phosphoric acid. If no precipitate is obtained, the 
solution need only be examined for Ni, Co, Mn, Zn, Fe, Al, and Cr. 

I. Phosphoric acid Is absent. — This is sufficiently indicated if 
the original substance dissolved readily in water. If insoluble in 
water, but soluble in dilute acids, phosphoric acid may likewise be 
absent from the substance, but not necessarily so. 

* For the preparation of this reagent see Appendix. 
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It would appear at first sight ^liat the deportment of the Sre sulphides mnd 
two hydrates with ammonic ohloride and amnionic hydrate, sodic or potaMie 
hydrate, or dilute acids (e.ff., HCl), would enable us to separate the membera 
of this group, or seyeral of them, from each other. We hare seen, for example, 
that^- 

Ist. J^t, COf Mn, Zn are not preeipittUed fty Amffofrom a solution eomtaimimg 
large excess of AmCl ; whilst FesHog, OrjHoe, and Al^Hos are preeipHaied. 
It has, however, been found that the mode of separation based upon this solT«nt 
property of ammonic chloride, gives but imperfect results, since the P^Ho^ 
carries down varying Quantities of other oxides, especially on exposure of the 
solution to the air, when higher oxides of manganese and cobalt are formed, 
which are not soluble in ammonic chloride. SmaU quantities of Ni, Co, ICn, and 
Zn are thus frequently overlooked altogether. It is only by redissolving tho 
precipitate and reprecipitating several times over with Amd and AmHo, as long 
as the ammoniacid filtrate gives a precipitate with sulphuretted hydrogen, that 
iron can be separated from manganese, etc., in this manner. 

With these precautions, however, it is mostly possible to separate the metals 
of this group from each other by first precipitating ferric, chromic, and aluminic 
hydrates by means of AmOl and AmHo, and then, from the filtrate, the sulphides 
of Ni, Co, Mn, and Zn by means of SHj or SAm^ ; and the following method 
of separation may be consulted with advantage by beginners, as well as the more 
accurate, but more tedious one, of separation oy OOBao" (see Table, p. SO). 

2nd. That 2^, Alf and Cr are preeipittUed by KHo or NaHo, hiu are sclMe 
in exeesSy whilst the other metallie hydrates are insoluble. From this it would 
appear that these three metals can be separated by means of the fixed alkmKne 
hydrates. But it has been found that FosHoe, NlHoj, CoHoj, l^Hoj carrf 
down appreciable quantities of ZnHos and — ^more espedally the Fe^Hof precipi- 
tate — of OrsHoe, and that a complete separation cannot be effected by precipita- 
tion with KHo or NaHo. 

8rd. Cold dilute hydrochloric cteid does not dissolve CoS or NiS to any yrmt 
extent, but dissolves the other sulphides and hydrates. This method, if practised 
with care, gives sood results, small traces only of CoS and NiS being generally 
dissolved out. fiut as it leaves the iron, aluminium, and chromium st^l to be 
separated from manganese and zinc, no saving of labour is effected thereby in the 
separation of these seven metals. 



In finely divided freshly precvpiiaied barie carbonate, COBao", 
we possess a reagent which sepa/rates the lower oooidesy viz., ZnO, MnO, 
NiO, CoO (this latter not quite so perfectly, except in the presence 
of ranch ammonic chloride), from the higher oxides^ viz., FOiOs, 
dAiaOs, and CrjOs. The metals should be first obtained as chlo- 
rides. 

The examination of the precipitate produced by COBao" is based 
upon — 

Ist. The solvbiUty of AltHoe in NaHo. 

2nd. The conversion of CrtOs into CrOg hy fusion with sodic car^ 
bonate and nitre, or hy boiling tinih OlNao^ or with PbOg in on 
alkaline solution. 

The examination of the fUtraie is based upon — 

1st. The soltibUity of ZnHoi in sodic hydrate. 
2nd. „ MnS in acetic acid, 

8rd. The formation of soluble KeGoiGyu a/nd the precipitatum of 
Ni as black NiaHot by ClNao, or chlorine. 

Directions for the separation of these seven metals will be found 
in the analytical tables under Gronp IIIa. 



EXERCISES ON GROUP JUL. 



49 



PRACTICAL EXERCISES* ON GROUPS IUa, IV and V. 

You are requested to analyse— 

1. A solution of ferric chloride, ammonium alum and manganous chloride, con- 

taining '500 grm. of Fe, *050 grm. of Mn, and *060 grm. of Al. 

2. A solution of SOjNio'' and Ns04Coo'^ containing '050 grm. of Ni and *010 

grm. of Co. 
8. A mixture of the solid salts : zinc whitp, green yitriol and potassium alum ; 
both in the dry and in the wet way. 

4. A solution of SO^Zno'' and potassium chrome alum, containing *500 grm. of 

Cr and 050 of Zn. 

5. A mixture of potassium chrome alum and green yitriol (about *050 grm.), in 

the dry way only. 

6. A mixture consisting of ferric oxide, manganic oxide and zincio oxide, con- 

taining '050 grm. of FejOs, '010 grm. of MnOj and *100 grm. of ZnO ; to 
be examined in the dry way only. 

7. A sample of dolomite, for Fe'' (Mn) Ca and Mg. 

8. A sample of calc spar, for Fe'' and Mg. 

9. Samples of iron ores, e.g., red hcematUe^ brown hamatite, magnetic iron ore, 

martial pyrites, to be examined for water and sulphur only. 

10. A sample of calamine, in the dry way only. 

11. A sample of chrome iron ore for chromium in the dry way only. 

12. A sample of magnetic iron ore for Fe'', in the wet way. 

Tabulate the reactions produced by AmCl and AmHo, NaHo or SAm^ with 
the members of Group IIIa, according to the following scheme :— 



Reagent. 


AlsO,. 


OPaOa. 


FejOa. 


ZnO. 


MnO. 


NiO. 


OoO. 


AmCl, 

and 
AmHo. 


A fchiie gelatin- 
ous precipitate 
of AljHoe, 
slightly soluble 
in exces«, re- 
precipitated on 
boiling. 














NaHo. 


Ditto, soluble 
in excess. 














SAmj. 


A white gelatin- 
ous precipitate 
of AlsHoe, in- 
soluble in ex- 














cess. 















with the main yiew of fixing upon the memory the solubility or insolubility of 
the precipitates in excess of the reagents. 

IT. Phosphoric Add is present. — The original snbstance was 
either insolable or only partially solnble in water, but soluble in 
hydrochloric acid. In this case AmCl and AniHof produce a pre- 

* These exercises may of course be varied, and should be looked upon merely 
as indicatiye of the course to be pursued. 

t If AmCl and AmHo should give no precipitate, it is obTious that no phos- 
phates and no Fe, Al and Cr need be looked for. 

E 
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Add AmCl in considerable excess ; heat gently, and tilien add AmHo diop hj 
the form of Fe^^.) Filter quickly, and wash with hot water. Baserre the 
dilute HOI on the filter. Collect the add solution in another beaker, and 
good SHs water produces any precipitate in the filtrate. Mix now the 



Solution. — Pass a current of SHj through the solution, and filter off ZnS, 
"MnS, NiS, OoS. Wash off iind filter, and redissoWe tiie precipitate in 

dilute na, with the addition of a few small czystalfl of | ^^|^. Add 

NaHo in excess, boil, and filter. 



The Solution may 
contain Zn, as 
SbiNaO]. Add 
SH,. White 
precipitate of 
ZnS. 

Preience vf Bn. 



The Pbboipitati may contain UnHoi, OoHoi^ and 
KiHoj. Wash, dissolTe in a little dilute HCl i neariy 

{OH 
GOAmo' ^*'' 
a rapid current of SHj for seyeral minutes tlnough the 
solution, and filter. 



The Solution 
contains the 
manganese as 
acetate. 

Add AmCl, AmHo, 
and Sulphu- 
retted Hydrogen 
Water. 

Flesh - coloured 
precipitate of 



Presence of Hn. 



Bbsidub. — Dissolye in HCl and 

I OKo ' ^^^^7 neutratixe with 

OONaoj; add a weak solution of 
KCy, so as just to redissolye the 
precipitate first produced. Boil 
brisUy for some time, allow to oool 
(filter off any slight preei^tate), 
and add a strong solution of ClNao; 
allow to stand for some time in a 
warm place, as long as a black pre- 
cipitate forms, and filter. 



Prxoifitatb con- 
sists of Ki^Hot. 
FUter off and 
confirm by heat- 
ing a snuul por- 
tion of it on a 
borax-bead be- 
fore the blow- 
pipe flame. 

A yellowish to 
■fa«ny-xed bead. 

Presence of Wl. 



TheSoLxmoK con- 
taina the cobalt 
as Kfiofijn. 
Eyaporate to 
dryness, and test 
a little of the 
residue before 
the blowpipe 
flame on a borax 
bead. 

A blue bead in 
both flames. 

Presence of Co. 
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drop as lone as a precipitate comes down. (The iron must be present in 
ammoniacal filtrate. Redissolve the precipitate by treating it with hot 
repeat in like manner the precipitation with AmOl and AmHo, as long as 
different ammoniacal filtrates with the main filtrate. 



The PsiapiTATE consists of FejHoj, OraHoj, and Al^Hoa. Dissolve in 
dilute HCl, add a solution of NaHo (free from alumina) in excess, and boil 
for some time. Filter off. 



Pbbgipitatb. — "Dtj and fuse, with fusion mixture 
and KO3K0 on platinum foil. DIbsoIyc in hot 
water, and filter. 



Sbsidtjb. — ^Dissolve in di- 
lute Ha, and add 
K4FeOje. 

A precipitate of Prussian 
blue. 

Presence of Fe. 

Test the original HCl 
solution specially for 
Fe'' and Fe*^ by means 
of KzisOgKo) in a 
highly dilute solution, 
as well as by means of 

or CyAms. 



Solution, yellow. Con- 
firm by adding {gJlj^ 

Yellow precipitate of 
OrOjPbo" 



.// 



Presence of Cr. 

Note. — Traces of man- 
ganese — owing to imper- 
fect separation of Mn 
from Fe by precipitation 
with AmCl and AjnHo — 
are indicated by the 
bluish green colour of the 
fused mass arising from 
the formation of an alka- 
line manganate, and after 
dissolying in water, by the 
purplith-red colour of the 
alkaline permanganate. 



Solution. — Acidulate 
with dilute HCa, and 
add AmHo in alighi 
excess. 

White gelatinous pre- 
cipitate. 

Presence of Al. 

Ifote. — ^If no sodic hy- 
drate free from alumina 
can be obtained, it i^ ne- 
cessary to test an equal 
bulk of the reagent by 
acidulating with HCl and 
adding a slight excess of 
AmHo, and then com- 
paring the AL2H06 thus 
precipitated with the pre- 
cipitate obtained in testing 
the solution under ex- 
amination. 
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cipitate, before SAnis is added ; tbe precipitate may possibly consist 
of NiS, Cos, MnS, ZnS, FeS, AlsHoe, Cr,Ho», as weU as the 
phosphates of (Or), Al, Mg, Ca, Sr, Ba. 

It is obvious that ammonic phosphate is formed by the decom- 
position of the phosphates of the mei».ls Ni, Co, Mn, Zn, Fe (if pre- 
sent) by SAms — AmCl and AmHo precipitate these phosphates 
without decomposition — ^which, in its tarn, would act upon any 
soluble salts of Mg, Ba, Sr, Ca, and precipitate phosphates of these 
metals, although none may have been present originally in the 
saline mixture. An example will make this clear. Let us suppose 
that the substance under examination consists of COBao",PsOiGEU)"s 
and P202Fe20^. On dissolving in hydrochloric acid, baric chloride 
is formed, and the calcic and ferric phosphates are dissolved without 
decomposition. On adding AmCl and AmHo, a yellowish- white pre- 
cipitate of P20aFe30^ and P202Cao"s is obtained, whilst BaCls is 
not precipitated. On adding, however, the AmCl and AmHo, as 
well as the SAma, to the solution, PaOjFesO^ is decomposed into FeS 
and POAmos, which latter, by acting upon the BaCla, would pre- 
cipitate banc phosphate. 

In order to avoid this, the precipitate produced in Group m by 
AmCl and AmHo, which contains for the most part the whole of 
the phosphates, is filtered off and SAma added to the filtrate only. 
The two precipitates are wuslied separately, transferred to a porce- 
lain dish and boiled with a little SAm^, which decomposes the 
metallic phosphates (possibly also some FesHoe) ; leaving the phos- 
phates of the earths and alkaline earthy bases (if any), as well as 
the hydrates of Cr and Al, unchanged. The insoluble residue is 
filtered off and washed with hot water (to which a little SAm^ has 
been added to prevent the oxidation of FeS, etc.) ; the filtrate is 
tested for phosphoric acid by means of AmCl, AmHo and SOaMgo". 
A white crystalline precipitate shows that phosphoric acid was 
present, in combination with the metals precipitahle as sulphides. 

The residue is dissolved in very little hot hydrochloric acid, with 
the addition of a little concentrated nitric acid ; filtered, if necessary, 
from the sulphur which separates, and concentrated to a small bulk 
by evaporation. -To a portion of the solution add a little more con- 
centrated nitric acid, and then some ammonic molybdate, and heat 
gently. In the absence of a yellow precipitate, no phosphates of 
(Cr), Al, Ba, Sr, Ca, Mg need be looked for and the solution 
may be examined at once according to Table IIIa. A yellow pre- 
cipitate indicates that phosphates of the earths or alkaline earthy 
hoses, or of both, are present, in addition to the metallic phosphates 
already tested for. 

If so, add to the rest of the solution OONaoi, till nearly neutral, 
then an excess of a solution* containing sodic acetate and strong 
acetic acid : PjOaFco^, (as well as P,0,Cr,o^ and PaO»Al,o^, if 
present), are precipitated. Any phosphates of the alkaline earths 
left undecomposed by the ferric chloride already present in the solu- 

* For the preparation of thiB reagent see Appendix. 
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tion, are held in solntion by the acetio acid. To the filtrate add 
FOaClc, drop by drop, as long as a precipitate* is obtained, and 
till the colour of the supernatant liquid becomes distinctly reddish. 
Digest at a gentle heat ; allow to subside and filter. In this manner 
the whole of the phosphates of the alkaline earthy bases are decom- 
posed, with formation of P202Fe20^, insoluble in acetic acid — (which 
precipitate may be neglected), and chlorides of Mg, Ba, Sr, Oa 
whicb remain in solution, together with the chlorides of Ni, Co, 
Mn, Zn (and the excess of FCaClfi added). The whole of the phos- 
pboric acid having thus been removed, the precipitate produced by 
AmCl, AmHo and S Ama is examined according to Table IIIa. The 
alkaline earthy metals are separated according to Tables lY and Y. 
It should be borne in mind that these metals can have been present 
in the original substance only as phosphates, and the filtrate which 
contains them should on no account be mixed up with the main 
filtrate from Qroup III, but should be examined separately. 

It may be of interoet, occasionallj, to asoertain, whether any oxalates of Ba, 
Sr and Ca (which are destroyed by evaporation with nitric acid and ignition, 
before proceeding to Group III), were present in the original mixture, in which 
case the evaporation to dryness and ignition must be omitt«d. 

The precipitate produced in Group III by AmCl and AmHo alone contains 
the oxalates, as well as the phosphates of the alkaline earthy bases, and possibly 
alflo silica. The oxaUtes are decomposed bj gently igniting the precipitate. The 
iffnited mass is extracted with dilute hydrochloric acid. Silica, if present, is ren- 
dered insoluble, and maybe separated bj filtration. To the acid solution, which 
may possibiy contain phosphates of Me, Ca, Sr and Ba, as well as chlorides of 
the bases, present before ignition as ox&tes, add AmCl and AmHo and filter off. 
The filtrate contains the chlorides of Ba, Sr and Ca and is tested separately 
according to Table lY. All Bases bo dibooybbsd^ must hayb bbbn fbxsent 

OBieHTALLY AS OXALATES. 

We may, then, sum up by stating that the separation of the 

METALS and salts (fUOSFHATES) PRECIPITATED IN QrOUP IIIb^ is 

based upon : — 

1st. The vnsolubiUty of the phosphcUes of Fe, Al and Gr in acetio 

acid, in the presence of an alkaline acetate. 
2nd. The separation of the whole of the phosphoric acid which is in 

comhvnation with the alkaline earthy bases, by means of FezCle, 

in a/n acetic solution. 

All other operations are identical with those described in Tables 
niA, IV and V. 

A tabular scheme for their examination* will be found in the 
analytical tables, under Qroup IIIb. 

* If any phosphates of the alkaUne earthy bases be left, FesCl« should pro- 
duce a yellowish- white precipitate when added to a portion of the ctcetie ctcid 
MolMtiom, if not, no ferric salt need be added to the main portion of the filtrate, 
(The presence of iron, other than phosphate, is generallj indicated by the reddish 
or ferric acetate colour of the filtrate.) In this case Al and Cr, as well as the 
metals of the alkaline earths, will still have to be looked for in the filtrate. 

t The examination of Ghroup Ills, containing phosphates, may be defer^d 
until the student has become acquainted with the reactions for adds. 
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QUESTIONS AND PRACTICAL EXERCISES ON aROUP IIIb. 

You are requested to analyse :— 

1. A hjdrochlorio acid solution, oontaining common sodic phosphate, ferric 

chloride, calcic and magnesic chlorides. 

2. A hydrochloric acid solution, containing common sodic phosphate, nickdous 

sulphate, cobaltous nitrate, zindc sulphate, and ferric chloride. 

3. A hydrochloric acid solution of calcic phosphate, chromic chloride, and 

aluminic phosphate. 

4. A mixture of bone-ash and much ferric oxide. 

5. A mixture containing little ferric oxide and much magnenU (or magneaia 

tUba) and hone-cuh, 

6. A hydrochloric acid solution of common alum and hydrio disodio phosphate. 

7. How would you recognize alumina in the presence of aluminic phosphate ? 

8. GKyen a reddish-coloured solution (owing to the jpresenoe or feme salts), 

which giyes a copious precipitate on the addition of sodic acetate and 
acetic acid in the cold, leaving the solution still coloured. What infereooe 
is to be drawn from this observation ? 

9. A solution contains chromic chloride, chromic phosphate, and dipotasne 

dichromate. State how you would distinguish these three diromium 
compounds from each other. 

10. An acid solution (HCl) of a mixture, consisting of ferric chloride, baric 

chloride, and common sodic phosphate, retains its reddish colour, after 
precipitation with sodic acetate and acetic acid. What inference must be 
drawn from this, and what would you infer if the filtrate were oolouriess, 
but gave no further precipitate on the addition of FegCl^ P 

11. You have a solution given to you which gives a precipitate with AmCl and 

AmHo. What inference must you draw if the filtrate gives no further 
precipitate on the addition of SAmj P 

12. You have given to you a concentrated solution of ferric chloride. On adding 

a few drops of a solution of hydrio disodic phos^|iate, a yellowish pre- 
cipitate appears. Explain what talces place, 1st. When a portion of the 
solution in which the precipitate is suspended is boiled. 2nd. When 
acetic add is added, in the cold, to another portion. 8rd. When the pre- 
cipitate is filtered and treated with excess of the hydrio disodic phosphate, 
in the presence of ammonia. 



Chapter V. 
REACTIONS OF THE METALS OF GROUP IL 

This grpnp comprises the metals mebcubt, lead, bismuth, copper, 

CADMIUM, ARSENIC, ANTIMONY, TIN (GOLD and PLATINUM), which are 

precipitated firom acid solutions (HCl) bj means of snlphnretted 
nydrog^n. 

Mix together solutions of K,OeBio"^ HgOls) SOsCuo^ OdCls, AsA 
(disBolyed in HOI), Ks04Pbo^ SbOlsi 8aCl|, and BaCU, and pass a corrent of 
SH}, without first flltermg off the white precipitate which is produced. Filter; 
pass the gas again through the dear filtrate, to make sure that the metals hare 
heen entirely precipitated. Wash the precipitate with hot water ; remoye a por- 
tion from the filter ; boU with a little yellow ammonio sulphide, and filter off. A 
blaok residue is left, consisting of Hc8, PbS, Bi,S„ OuS, OdS. The solution 
oontains AajSstBbiSs^SiiS and SnSs. This can be shown by acidulating with 
dilute hydrochloric acid, when a yellow precipitate comes down — because yellow 
ammonio sulphide oonyerts SnS into SnSj — consisting of the sulphide* of As, 
8b, Sn. 
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This shows that we ccm dimde Oroup II by means of wm/monio 
sulphide^ into two portions. 

The name sulphide^ in its widest sense, is given to all componnds 
into which snlphnr enters as the electronegative element. A re- 
markable analogy is observable between oxides and sulphides. 
There is a certain class of sulphides which resemble metallic oxides 
or bases ; another class which plays the part of oxy-acids. Sulphides 
are therefore divided into sulpho-hases and sulpho- acids. To the 
latter belong the sulphides of H, As, Sn, Sb (Ft, Au) ; to the 
former the sulphides of many metals, especially such of the metals 
as constitute powerful bases (K, Na, Am, Ba, Ca, etc.). An electro- 
positive element, which forms with oxygen an oxide, combines 
generally also with the same number of sulphur atoms, to form a 
corresponding sidphide^ in which the sulphur is almost invariably 
a dyad. 

The resemblance in the constitution of these oxygen and sulphur 
compounds is further borne out by the analogy in their solubility 
and alkaline reaction. Thus we have— 



OKa 

OAmt 

ONa, 

BaO 

CaO 

FoO 

ZnO 



AiiaO, 
AiiaO, 
SbjO, 
SbsOt 
SnOj 



Oxy-bates. 
Potassa, alkaline and eoluble. 






AmmoTiia „ 
Soda „ 

Baryta „ 

Lime „ „ 

ifeiTOus oxide, no reaction, 

insoluble. 
Zindc 



II 



II 



Oxi/'anhydridet, 
ArBeniouB anhydride. 

Arsenic „ 

Antimonions „ 

Antimonio 

Stannic 



II 



II 



AsQo, 

AsOHos 

SbHos 

SbOHoi 

SbO^Ho 

SnHo4 



Oxy-ticidg, 

Arsenious acid. 
Arsenic acid. 
Antimonions add. 
Autimonic acid. 
Metantimonic acid. 
Stannic acid. 



Sfdpho-heues. 

SKs Fotassic sulphide, alkaline and 

soluble. 
SAmj Ammonic 
SNas Sodic 
BaS Baric 
OaS Calcic 
FeS Ferrous 



ZnS Zincic 



II 
II 
II 
II 
i> 

II 



II 
II 
II 
II 



no reaction, 
insoluble. 



II 



Sulpho-anliydrides, 

AsjSs Arsenious sulphide, or sul- 

pharsenious anhydride. 
Afl^t Arsenic sulphide, or sulphar- 

s?nic anhydride. 
Sby^s Antimonious sulphide, or sul- 

phantimonious anhydride. 
Sl^aSi Antimonic sulphide, or sul- 

phantimonic anhydride. 
SnSs Stannic sulphide, or sulpho- 

stannic anhydride. 

8ulph<haeids, 

AsHsg Sulpharsenious acid. 
AaSHss Sidpharsenic acid. 
SbHss Sulphantimonious actd. 
SbSHsy Sulphantimonic acid. 
Sl>S3Hs Sulphometantimonic acid. 
SnHs4 Sulphostannic acid. 



Sulpho'salts are obtained by the mutual action of a sulpho-acid 
and a sulpho-base upon each other. 

Sulphides soluble in water, comprising the sulphides of the 
alkalies and alkaline eartlr^ metals, are divided into normal sulphddesy 
such as SK], ,SAma, SNa^, BaS ; into sulphhydrates (acid sul- 
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pbides), such as SKH, SAmH, BaHs2 ; and polysulphides, sncli as 
S2n2, S6K2, SsAnis. The aqneons solntions of the normal and acid 
salphides are colonrless, and give off SH2 when treated with dilnte 
hydrochloric acid, without separation of sidphur. Solutions of the 
poljsulphides are yellow, or yellowish brown, and when treated 
with hydrochloric acid, give oflr snlphnretted hydrogen, with separa- 
tion of white (or precipitated) sulphur. The number of sulpho-salts 
is small compared with the salts of oxy- acids, and they are far less 
stable than ordinary oxy-salts. This arises from the fact that sul- 
phur is comparatively indi£ferent to chlorine, phosphorus, nitrogen, 
carbon, silicon — ^non-metallic elements, which are endowed with a 
powerful chemical affinity for oxygen, with which they form in the 
presence of water energetic oxy- acids — and tliat there are either 
no sulphides corresponding to the oxygen compounds of these 
elements, or sulphides of a very indifferent nature. The number of 
sulpho-acids is principally restricted to the acids enumerated above, 
and these again combine mostly only with the soluble sulphides 
possessed of an alkaUne reaction ; or, & combined with the sulphides 
of the heavy metals, as in certain minerals, they are readily decom- 
posed by chemical agencies. 

The following is a list of some of the more important sulpho-salts 
compared with the corresponding oxy-salts : — 

Oxy'Salt»^ Sulpho-saUs. 

SnNaOs Diaodic stannite. SnNass Disulphosodic BulphosUumite. 

SnONao2 Diaodic stannate. SnSNasa Disolphosodio sulphofltaimate. 

AsKos TripotasBic anenite. AsEbs TriBulphopotassic Bulphane- 

nite. 
AsONaos Triflodic arseniate. AsSNaBg Trisolphoeodic Bulphaneniate. 

SbO£o FotaBsic inetantimomte. SbSKs Sulphopotassic metaaalphanti- 

monite. 
SbOjKo FotasBic metantimoniate. SbSjEs Sulphopotassic metasulphanti- 

moniate. 

In these sulphur compounds the radical Nas, sodiumsulphyl, occu- 
pies the place of the compound radical Kao, sodoxyl. In like 
manner 

Ks Potassiumsulphyl occupies the place of Ko Potassozyl. 
Ams Ammoniumsulphyl „ Amo Ammonoxyl. 

Bas" Bariumsulphyl „ Bao"Baroxyl. 

Cas" Galoiumsulphyl „ Cao" Galciumoxyl, 

in the analogous sulpho-salts. 

Instances of some interesting natural sulpho-salts, to be con- 
sidered more fully under silver and lead, are : — 

AsAgsg trlBiilphargentio Bulphanenite (proftttite). 

SbAgSf triflulphargentio orthoBulpluuitdmoiiite {pyrargyriU or dark red 
silver ore), 

SbsS''(CusFeS"9)''9 Bulphoouproao ferrooa pjroBulphantimonite (Jahl ory). 

SbsPbs' t triBulphoplumbic orthoBulphantimonite (baulanfferite). 

SbtPb8''3(0utS''s}'' dlBulphoplombio BulphoouprooB orthoBulphantimonitQ 
(boumonite). 
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Bbfi^h^'VhA^ trisulphoplumbic metasulpliantimonite* (jamesotUte), 
Troat another portion of the aboye SH3 precipitate with NaHo or KHo and 

filter off. A blacK residue is likewise left, and on adding dilute HCl to the 

filtrate, As^a» ^^Ss* S^ ^^^ SnS2 are reprecipitated. 

This shows that the hydrates of the alkali metals dissolve a por- 
tion of the sulphides precipitated hy Sflj in Group IL The following 
equations explain the action of the alkaline hydrates : — 

SbjSs + 6KH0 = SbKsa + SbKoa + 30Ha. 

Antimonious Trisulphopotassic Tripotassio 

sulphide. sulphantimonite. antimonit«. 

ASjSa + 4KHo = AsHsKsa + AsHoKo, + OH2. 

ArseniouB Sulphhjdric Hydric dipotassic 

sulphide. disulphopotassio arsenite. 

sulpharaenite. 

2SnS + 4KHo = SnKsa + SxiKo, + 20Ha. 

StannouB Disulphopotassio Dipotassic 

sulphide. sulphostannite. stannite. 

2SnS, + 4NaHo = SnSNas, + SnONaoa + OH, + SH,. 

Stannic Disulphosodic Disodic 

sulphide. sulphostannate. stannate. 

Addition of hydrochloric acid reprecipitates the sulphides, thus : — 
SbKsa + SbKo3 + 6HC1 = Sb^Sa + 6KC1 + 30H,. 

Hence the metals which are precipitated by SH2 in Group II 
can be subdivided by means of SAm, or NaHo into — 

A. Metals whose sulphides act as sulpho-bases, viz., the sulphides 
of Hg, Pb, Bi, Cu, and Cd. These are insoluble in ammonic 
sulphide (HgS dissolves to some extent in potassic or sodic 
sulphide ; CuS is somewhat soluble in ammonic sulphide). 

B. Metals whose sulphides act as sulpho-acids, viz., the sulphides 
of As, Sb, Sn (Au, Pt). 

Group II. Subdivision A. 

1. Mercury. Hg". — Occurs native, but is chiefly obtained 
from cinnabar or mercuric sulphide, HgS. 

EXAMINATION IN THE DRY WAY. 

Add a little finely-diyided lead or zinc to a few globules of mercury on a 
watch-glass. The Uquid metal mercury becomes thick and pasty by the com- 
bination with the solid metal lead or zinc. It enters into combination with 
the lead, in the cold, to form an amalffctm. Ofher metalfl combine with mercury 
only when heated. 

The term amalgam is applied to the combinations into which 

* This compound may also be yiewed as SbsS^Phs'' (sulphoplumbicmetasulph- 
sntimonite) and SbsSPhs^'s (sulphoplumbic pyrosulphantimomte). 
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mercuiy enters with other metals. Combinations between metals, 
other than mercnry, are called alloys. This property of merenry 
has received an important application in the extraction of gold 
and silver from poor ores bv the so-called amalgamation process. 
Mercnry can be separated again by distillation, gold and silver being 
left behind. 

The combination of the metal mercury with other metals is 
obviously due to its liquid condition at the ordinary temperature, 
which facilitates its being brought into intimate contact with other 
metals. This contact action is materially increased, if the solid 
metals are offered to the mercury in a finely-divided condition, or in 
the form of foil — an amalgam of 4 parts of tin and 1 part of mercury 
is employed for covering looking-glasses — and by rubbing the two 
metals together in a mortar. 

Heat some einnahar in a small flask with narrow neck, looeelj dosed with a 
piece of charcoal. HflrS sublimes without imdergoing any chemical change. 

Heat a little cinnnbar in a piece of glass tube open at both ends, and allow a 
current of air to pass orer it. Hg is seen to condense in the form of a metaUio 
mirror towards the further end of the tube, and SOj makes itself perceptible bj 
its odour. 

Heat about two parts of yellow mercuric oxide and one part of mercuric sul- 
phide in a test tube. Metallic mercury sublimes and sulphurous anhydride is 
giyen off, according to the equation : — 

HffS + 2HffO « Hg, + SOs. 

Introduce some einnahar into a small tubulated retort connected with a two- 
necked receiver and gas deliyeiy-tube, and pass through the tubolus of the retort 
a current of air or oxygen m>m a gas-holder, and heat gently. A blue flamo 
playing oyer the HffS indicates that combustion takes place. Mercury distils 
ana condenses partly in the neck of the retort and partly in the receiyer. Sul- 
phurous anhydride issues from the deliyery-tube and is readily recognized by it* 
Sungent odour i or it may be passed into water, and the solution tested with 
tmus-paper. 

This illustrates the mode of extraction of mercury from its 
principal ore. Omnabar is roasted in a reverberatory furnace, and 
proper provision is made for the condensation of the vapour of 
mercury in chambers and flues. The sulphurous anhydride is 
allowed to escape. 

HgS (as well as SAg„ AUjSj, PtS,) parts with its sulphur 
when roasted in the air, and yields the metal : it is in fact reduced to 
the metallic state by oxygen, owing to the weak affinity which exists 
between the metal mercury and the non-metal sulphur, and owing 
likewise to its weak affinity for oxygen, on account of which the 
HgO (and OAgj) first formed gives up its oxygen again to a ^esh 
quantity of HgS (or SAgi). 

Hydrogen and carbon, copper, tin, zinc, etc., reduce HgS at a 
high temperature, forming with the sulphur SHt, CSi (carbonic 
disulphide), CuS, etc. The native E[gS is, however, best reduced 
by the action of strong bases, such as lime or soda. 

Mix a little cinnabar with dry CONaOf, and heat in a little tube, sealed up 
at one end, or blown into a small bulb. Metallic mercury sublimes and forms a 
mirror in the cold part of the tube ; the sulphur is fixed by the alkali metaL 
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EBACTIONS IN THE WET WAT. 

Mercmy forms two series of salts : mercnroiu and merenrie' salts. 
It dissolves readily in nitric acid, even in the cold, forming mer- 
corons nitrate, if the mercnry be in excess, and merenrie nitrate, if 
the acid be in excess. These salts have the composition — 

ggpig,o" and {;0,Hgo". 

Mercuroos Mercurio 

nitrate. nitrate. 

Mercnroas salts contain HgO : mercuric salts, HgO. 

Mercnrous oxide. Merouric oxide. 

The oxygen atom bein^ in the one case linked to two atoms of 

the dyad mercnry, thus, < h5/0> the mercnry atoms being held 

together by one of their bonds, as well as by the bonds of the oxygen 
atom ; in the other to one atom, thos : — Hg=0. 

Mercnrous oxide exhibits a tendency to combine with another 
atom of oxygen, or when exposed to heat, to part with one atom of 
mercury and to become converted into mercuric oxide. Hence we 
possess in mercnrous salts powerful reducing agents. 

On account of the insoluble chloride which 'Hgs' forms, we shall 
consider its reactions in connection with the reactions for silver and 
lead in Qroup I. 

In order to study the reactions of mercurio salts, we can either 

employ a solution of mercuric nitrate, j^Q^Hgo", or mercuric 

CHLORIDE, HgCla {corroidve sublimate), 

SH] (sronp-reasent) added to HgCla gives a black precipitate 
of merenrie snlphlde, HgS. The precipitation is marked by charac- 
teristic changes of colour. Accordingly as sulphuretted hydrogen 
water is added in small quantities, or the gas passed slowly through 
the solution, it produces at first a perfectly white precipitate, and on 
the addition of more SHz, a yellow precipitate which passes through 
dirty yellow to brown, and becomes bhicJc only when excess of SH2 
has been added to the mercuric salt. The white, yellow, or brown 
precipitate consists of varying quantities of IigS and HgCla. 

[HgCl 
It may be represented by the formula < S" (dlmerenrlc snlphodl. 

... tHgCl 
chloride). HgS is insoluble in nitric or hydrochloric acid and in 
yellow ammonic sulphide, potassic hydrate, or potassic cyanide; 
soluble, however, in aqua regia and in potassic or sodic sulphide in 
the presence of sodic hydrate, but insoluble in their sulphhydrates. 
Long digestion with concentrated nitric acid converts the black 
HgS into a white body consisting of 2HgS + NjOiHgo". 
SAni, gives the same precipitate. 



60 REACTIONS FOR MERCURIC SALTS. 

NaHo or KHo added in excess produces a yellow precipitate oF 
mercuric oxide, HgO, insoluble in excess. 

AmHo produces a white precipitate of mercarlc salt and mercn- 
ramlde, known as the ^^ white precipitate,^* 

N"'2H4Hg" + HgCIa = 2(NH3Hg"Cl). 

Mercurammonio 
chloride. 

C0Na02 or COK02 gives a reddish brown basic precipitate. 

KI gives a bright red precipitate of mercnrlc Iodide, E^Is, 
soluble either in excess of potassic iodide or of the mercuric salt 
Hgia, as well as HgCla and HgBr2, sublime unchanged. 

KCy gives with mercuric nitrate (not the chloride) a white pre- 
cipitate of mercuric cyanide, HgCyj, soluble in excess ; not decom- 
posed by boiling with alkalies or alkaline carbonates, but only by 
SM2* 

Mercuric salts are readily reditced to mercwrous salts : — 

SnOls (stannous chloride) gives with mercuric salts a white pre- 
cipitate of mercurous chloride, HgaCls, which when lx>iled with 
excess of the reagent, is reduced to grey metallic mercury. On pour- 
ing off the solution and boiling the grey precipitate with HCl, the 
mercury is obtained in little globules. 

NO 

SOsFeo" (ferrous sulphate) reduces jTO -^^^"^ ^^^ ^^^ HgCl,, 

to the metallic state. 

Gu, Zn, Fe precipitate metallic mercury from mercuric solutious, 
provided they are not too acid. 

Mercuric salts act the part of oxidizing agents ; they are first re- 
duced to mercurous salts, and finally to metallic mercury. 

QUESTIONS AIO) EXERCISES. 

1. What is understood by the terms sulpho-base, sulpho-ttcidf sulpho-seUi f 

2. Define normal sulphides, sulphhjdrates, and polrsulphides, and state how 

they can be distin^ished by treatment with UCl. 
8. GKye instances of snlpho-salts together with tbe corresponding oxy-salts. 

4. Write out the graphic formulee of a few snlpho-salts and of the minersls 

boulanfferitej jametonite^fahl ore. 

5. Which metals form sulphides capable of actins as sulpho-acids, and which 

form sulphides capable of plajins tbe part of bases ? 

6. Write out the formula, both srmlxmo and graphic, for the persulphides of 

the metals K, Na, Ba, Ca, Ee. 

7. What changes take place when the sulphides of As, Sb, and Sn an boiled, 

1st, with SAms, 2nd with NaHo ? Express the changes bj equations. 

8. Give the graphic formuls of cinnabar, dimercurio sulpho-dichloride, of whiU 

precipitate and of mercuric nitrate. 

9. Write out the symbolic equations for the reactions which mercuric nitrate 

gires with the group and special reagents. 

10. Calculate the percentage composition of white precipitate, 

11. How much metaUic copper will haye to be dissolTeid, in order to precipitate 

2 grms. of Hg from a solution of mercuric chloride ? 

12. Explain why the dyad condition appertains to one atom of mercury and to 

the double atom. Giye proofs of the atomicity of mercuiy in mercurous 
and mercuric compounds. 
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13. How ifl eorronve sublimate manufactoredi and whence does it derire its 

name P 

14. 1*5 grm. of HfirCl2 ^ precipitated as HgrS and collected on a weighed filter. 

How much by weight of HffS should there be obtained ? 
16. Cinnabar is sometimes found adulterated with red lead, red oxide of iron, 
brick-dust. State how jou would discover the adulteration. (No sepa- 
ration of the impurities from each other is required). 

16. What reaction takes place when mercury is acted upon by concentrated sul- 

phuric acid ? and by what consecutive stages is the product of this reaction 
converted into white precipitate ? 

17. How much metallic mercury will 100 lb. of cinn€tbar yield when distilled 

with lime ? 

18. What is the percentage composition of an amalgam containing Sn4Hg ? 

2. LEAD, Pb" and »^— Only a slight precipitate of PbS is for 
tbe most part obtained in Gronp II, since the greater part of the 
lead is removed in Group I as PoCU. It happens frequently that 
this small quantity of lead is not precipitated by SB's, on account 
of the solution being too acid (HCl), or too concentrated, in which 
case a little lead is fouad in Group III, and is often mistaken for 
some other metal. It is necessary, therefore, to dilute a portion of 
the filtrate from Group II considerably and to pass a current of 
SHi through, in order to make sure of the presence of lead, espe- 
cially 80, when lead has been discovered in Group I ; and, if a pre- 
cipitate be obtained, to pass the gas once more through the whole 
of the filtrate, after having diluted it considerably with distilled 
water. 

3. BISMUTH, Bi'" and ▼.—This metal is principally found 
native ; also in combination with oxygen and sulphur, as bismuth 
oekre, Bi203, from the decomposition of hismuth glance, BiaSj, and 
in the form of sulpho-salts, as kohelUte, BiaPhs'^s (trisulphoplumbic 
orthosulpho-bismuthite), and as needle ore, Bi2Pb8"2('Cu'2S3)", 
disulphoplumbo-cuprous orthosulpho-bismuthite. 

EXAMINATION IN THE DEY WAY. 

The metal bismuth fuses with ease, both in the reducing and 
oxidizing flame of the blowpipe, covering the charcoal with an 
incrustation of oxide, oranse yellow, while hot, lemon yellow, when 
coldf passing at the edges into a niulsli white. The incrustation can 
be driven (rom. place to place by either flame, without colouring the 
outer flame. (Distinction from Lead.) Heated with borax or 
microcosmic salt, BisOs gives beads which are yellowish, when hot, 
and colourless, when cold. All bismuth compounds can be reduced 
to the metallic state by heating on charcoal with CONaoj, in the 
inner or reducing flame. The metallic bead is brittle. (Distinction 
rBOM Lead and Silver Beads.) The incrustation is yellow, 

examination in the wet way. 

Bismuth dissolves readily in nitric acid, forming NsOeBio'". A 
solution of this salt is conyenienti^ employed. 



62 BISMUTH. 

SHj (sroap-reasent) gives a hrovmiah black precipitate of 
bismnthons sulphide, BlaSs, insoluble in dilute acids, in alkalies and 
in alkaline sulphides ; soluble in concentrated nitric acid. 

Alkaline enlplildes give the same precipitate. 

KHo, NaHo and AmHo produce a white precipitate of IpIs- 
mntlioas hydrate, BlHoa, insoluble in excess ; on boiling it turns 
yellow, i.e., it becomes anhydrous (BiaOs). 

COAmoa or CONaoa throws down a white bulky precipitate of 
ba§lc carbonate (bismuthylic carbonate) (consisting of one mol. of 
carbonate and two of the oxide, 0308Bio"'2, 2Bi20s) = COCBiO,)',, 
graphic formula : — 

0=Bi— O— C— 0— Bi=0 

II 

o 

in which the compound radical blsmnthyl, BiO, acts the part of H 
in Ho. The precipitate is insoluble in excess. 

CraOsKoa gives a yellow precipitate of basle ehroauite (consisting 
of one mol. of bismuthous hexachromate, CrcOisBio"'s, and two mol. 

rOrO,(BiOa)' 
of bismuthous oxide, 2Bi303) = < readily soluble in 



rOrO,(BiOa)' 
LOrOaCBiO,)' 



dilute nitric add, insoluble in potassic hydrate. (Distinction from 
Plumbic Chromate.) 

SOsHoa gives no precipitate. (Distinction from Lead.) 

KI produces a brawn precipitate of blsmathons Iodide, Bil|, aolable in 
excess. 

ECy produces a white precipitate, insoluble in excess, soluble in adds. 

Bismuthous salts are partially decomposed by toaierj a basic salt 
being precipitated. The addition of an acid redissolves the preci- 
pitate. This constitutes the most characteristic reaction for bis- 
muthous salts. The salt most readily precipitated is the chloride 
(BiCls). It can be prepared from the nitrate by precipitating the 
oxide first, and then filtering and dissolving the precipitate off the 
filter with dilute hydrochloric acid. Excess of acid should be 
avoided. 

OHs gives with BiCls a white precipitate of blaanithoaa oxyehla. 
ride (consisting of one mol. of BigOs and one of BiClj), BiOCl, 
which is almost absolutely insoluble in water, but soluble in hydro- 
chloric acid, from which it is reprecipitated on the addition of 
animonic or sodic chloride. BiOCl is insoluble in tartaric acid. 
(Distinction from Antimony.) 

MetalMc zinc precipitates bismuth from its salts. 

Bismuthous salts exhibit a tendency to form basic salts, showing 
that BisOs is a very indifferent and weak base. 

There are several other oxides known, e.g,^ blsamthle aside or 
anhydride, BiaOs, which parts readily with two atoms of oxygen, 
when heated or acted upon by reducing agents. 
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QUESTIONS AND EXERCISES. 

1. How can Bi be eeparated from Ag, Pb, or Hg ? 

2. Express in symbolic equations the reactions whicli a bismuthous salt giyes 

with different reagents in the wet way. 

8. GKye the graphic formulse for bismuthous nitratCi bismnthous oxide, bismuth 
glance^ bismuthous oxychloride. 

4. Calculate the percentage composition of an alloy of 1 atom of Pb, ,1 atom 
of Sn, ana 8 atoms of Bi. 

6. 1*245 grm. of Bi^Os are obtained from 10 c.c. of a solution of normal bis- 
muthous nitrate. How much metallic bismuth does a litre of the bismuth 
solution contain ? 



4. OOFPEB^ On". — ^This metal is fonnd natiye ; also in combi- 
Bation with oxygen and sulphub, as red copper ore or ruby ore, C1I2O, 
as vitreous copper or copper glance, C1I2S, and indigo copper or blue 
copper, CoS ; more frequently as copper pyrites, Fe8S3,Ca2S = 

I 5»es(^^*^*)"' (^®^c cuprous tetrasulphide), and variegated 

r Fe 
copper or Jiorseflesh ore, Fe3S3,3Ca2S = < pq(Cu2S2)"s, (diferric 

tricuprouB hexasulphide) ; also as fahl ore, boumonite, etc. ; in 
combination with cabbonio acid, as basic carbonate, malachite, 
CO(OCuHo)'3) and azwrite, mountain blue, or copper azure, 

CH C "^'^^" » ^*^ SULPHUBIC ACID, as blue vitriol, S02Cuo",5OH2; 

with PHOSPHOBIG ACID, as phosphorocahUe, libethenite ; with absenious 
ACID, as tennawHte ; silicic acid, as dioptase, and others. 

examination in the dbt way. 

Copper minerals form a very numerous class of ores ; and as 
many of them exhibit precisely similar blowpipe reactions, a know- 
ledge of their physical character is indispensable to enable the 
student to distinguish readily between them. It is advisable to 
examine the doubtful ores in tne wet way also. 

The most characteristic reaction in the dry way is that which 
copper compounds give, when heated in a bead of borax or micro- 
cosmic salt before the blowpipe flame. The bead is srecn whilst 
hoi, mmt on cooling. Most copper compounds, when heated on 
platinum wire in the inner flame, impart an intense ^reen colour to 
the outer flame. All copper compounds are reduced when heated 
in the inner fllame on charcoal, together with CONao2 and KCy, 
yielding red metallic scales. Sulphides give off SO2, when roasted 
in an open tube, and leave CuO behind. Mala/ihite or aaurite gives 
off water and carbonic anydride when gently heated in a tube. 
Blue vitriol loses water, sulphurous anhydride and oxygen, and 
leaves cupric oxide. Cupric phosphate, arseniate, and silicate fuse 
to coloured glasses. 

Metallic copper is not affected in diy air at the ordinary temperature, but 
18 readily oxidized when heated in air or oxygen and conyerted into black 
oupzic oxide. Hydrochloric acid in the presence of air diflsolyes copper but 
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Blightlj, forming OujCls ; nitric add iB the most aotive solvent for copper (as it 
is for Ag, Hg, Fb and Bi), forming cupric nitrate. Sulphuric acid (concen- 
trated) dissolves copper, on heating, with evolution of SOs, and formation of 
SO-Cuo". 

SOjHoa acts here the part of an oxidizing agent. This method of preparing 
sulphurous anhydride gas b frequently employed in the laboratoiy in ppexerenoe 
to other methooe. - 

EXAMINATION IN THE WET WAT. 

A SOLUTION OP CUPRIC SULPHATE, SOaCuo", OP CUPBIC NITBATE, 

j»^*Cuo", may conveniently be employed. 

SHa (vronp-reaffent) gives a brownish hlacJc precipitate of eaprie 
sulphide, CuS, insoluble in dilate acids ; slightly solnble in yellow 
ammonic sulphide ; soluble with decomposition in nitric acid ; com- 
pletely soluble in potassic cyanide ; insoluble in potassic and Bodic 
sulphides, or caustic alkalies. CuS is rapidly oxidized to SOsCuo'^ 
by exposure to the air ; it is insoluble in hot dilute sulphuric acid. 

SAm2 produces the same precipitate, somewhat soluble in excess, 
especially in yellow ammonic sulphide (SaAm^). 

NaHo or KHo gives a light blue precipitate of cnprlc hydrmte, 
CuHoj. The precipitat-e turns black on boiling and becomes denser. 
Three molecules of CuHo) lose two molecules of OH) and leave 
3CuO,OH2 (graphic formulaH— O— Cu— O— Cu— O— Cu— O— H). 
In the presence of many organic substances, such as grape sugar, 
etc., the precipitate dissolves to a deep blue solution, whence the 
whole of the copper is reprecipitated on boiling in the form of 
bright red caprons oxMe, CtuO. 

CONaoa produces a greenish blvs basic carbonate, of the com- 
position CO(OCu"Ho)'a, graphic formula O = c/^^^~^^, 

carbonic anhydride being evolved. This precipitate is converted on 
boiling into the black precipitate of dCuO,OHs. It is soluble in 
ammonic hydrate to an azure blue and in potassic cyanide to a 
colourless fluid forming a soluble double cyanide. 

AmHo or COAmoa, when added in small quantities, produces a 
greenish blue precipitate of a basic salt, which dissolves readily in 
excess of the reagents, and forms a magnificent azure blue liquid, — a 
blue which is perceptible, if a solution contains small traces of copper 
only. The blue solution contains a double compound of copraataionlc 
bydratc, N^aH^Cu'^Hos, and amnionic snlpbate, or ammonio-cupric 

■^^g'CuOa I", whence the 

black cupric oxide separates on boiling with sodic hydrate. 

This tendency of ammonia to combine with cupric hydrate and 
to form cuprammonic hydrate induces metallic copper to combine 
with oxygen even at the ordinary temperaitire, 

KCy gives a greenish yellow precipitate of cnprlc cyanide, CuCyt, 
soluble in excess. SHs produces no precipitate from this solution. 

K4FeCya gives a reddish brown precipitate of cnprlc fcrrocyaaldc, 
CusFeCy*, insoluble in dilute acids, decomposed by potassic or sodio 
hydrate, with separation of 3CllO,OHt. Even in very dilate solu- 
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tions of copper salts a brownish colour is produced, — best seen when 
the reaction is performed on a watch glass, placed on a sheet of 
white paper or in a little porcelain dish. Hence E^iFeCje supplies 
one of the most delicate reactions for copper salts. 

Metallic zinc or iron precipitates metallic copper, especially in 
the presence of a little free hydrochloric acid. If a few drops of a 
slightly acidulated dilute copper solution are placed on platinum foil 
(the lid of a platinum crucible), together with a small piece of sheet 
sdnc, the platinum becomes rapidly coated with a reddish film of 
metallic copper, visible even in the case of very dilute solutions, an 
equivalent quantify of the metal zinc being dissolved. 

This simple experiment reqtures some explanation. Brieht copper is not 
attacked by dilute hydrochloric or sidphimo acid. Metals sucn as Fb, Hg, Ag, 
An, Pt are' also indifferent to dilute hydrochloric or sulphurio acid, whilst zinc 
and iron are readily dissolyed with eyolution of hydrogen, the metals taking the 
place of the hydrogen in two molecules of hydrocmoric acid. 

By the aid of yoltaic electricity, howeyer, we are enabled to dissolye metals 
in dilate hydrochloric or sulphuric acid, which are either not dissolyed at all, 
such as copper, or dissolye only with difficulty, such as the metal tin. This is 
done by connecting the positiye pole of a yoltaic battery with a piece of the 
metal to be dissolyed, and the negatiye pole with a platinum wire ending in a 
piece of platinum foiL Both electrodes dip into the dilute hydrochloric or 
sulphuric acid solutions. 

Connect the positiye pole, a, with a piece of sheet copper or a coil of copper 
wire, plaoed in lulute sulphuric acid, contained in a glass basn, as seen in Fig. 7. 
The Qegatiye pole, h, consisting of a platinum 
wire fused to a strip of platinum foil, dips 
likewise into the dilate acia, without touching, 
howeyer, the copper. The solution turns blue, 
owing to the formation of a blue cuprio salt, 
and the sheet of metallic copper or the copper 
wire diseolyes after some time. Hydrogen is Fio. 7. 

eyolyed at the negatiye pole. 

This shows that the action of dilute acids upon copper which is nil at the 
ordinary temperature is yery energetic when we call yoltaio electricity to our 
aid. 

The reaction will be readily understood, if it be remembered what takes place 
when water is decomposed by yoltaic electricity. Hydrogen is obtained at the 
n^;atiye and oxygen at the positiye electrode, because the latter consists likewise 
of platinum, a metal which has no affinity for oxygen. Hence both constituents 
of water, hydrogen and oxygen, are eyolyed at the respectiye poles. Now, if 
instead of water, hydrochloric acid be decomposed in like manner, chlorine is 
eyolyed at the positiye electrode. If the positiye electrode consists, howeyer, of 
a metal, such as Zn, Cu, Fe, for which chlorine possesses a strong affinity, the 
latter combines with these metals, the moment it is liberated on the positiye 
electrode, or as it is termed in its nascent state (in statu nascencU), and hydrogen 
alone is eyolyed at the negatiye pole. 

If in the place of hydrochloric or sulphuric acid, we employ a dilute solution 
of a metallic chloride or sulphate, e.^., cuprio sulphate, SO3UU0'' and dip the 
two electrodes into it, we obserye at the negatiye (platinum) electrode instantane- 
ously a red film or deposit of metallic copper, whilst at the positiye electrode, 
consisting of metallic zinc, no eyolution of gas is yisible, since the zinc is acted 
upon by the add hberated from the copper, and is oonyerted thereby into 
SOaZno". An equiyalent quantity (65 parts by weight) of zinc remains dis- 
solyed in the add for the 63*5 parts by weight of copper, predpitated on the 
platinum foil or crucible-lid. In this manner the amount of copper present in a 
solution may be determined quantitatiyely. The undissolyed zinc and zindo salt 
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are removed and the plAtinum with its deposit of copper dried and weighed. The 
total weight, minus the prerious weight oi the platinum, giyes the weight of the 
metallic copper. 

It will be readily perceived that this and other eimilar experi- 
ments famish yalnable illustrations of the atomic theory, and they 
acquire on this account additional interest. 

Great interest attaches, moreover, to these chemical changes, on 
account of the important practical application which they have 
found, of late, in covering metals — mostly the common metals — 
with a thin coating of noble metals (electroplating, silvering, 
platinizing), or in producing solid metallic deposits on properly 
prepared matrices, generally consisting of some plastic material, 
sucn as plaster of Paris, gutta-percha, etc. (^electrotype process). 

Pass a voltaic current through a solution of cupric chloride, CaClf, by meani 
of copper electrodes. No chlorine gas is erolred at the positive jpole, tor it is 
immemately again fixed by its dissolving an equivalent quantity of copper olF the 
positive copper electrode. The movement of the molecules of chlorine and copper 
in the solution of cupric chloride cannot he perceived ; it is nevertheless proved by 
the decrease in weight of the positive copper electrode and the increase in weight 
of the negative copper electrode, and we infer firom this that the copper is tnms- 
ferred from the positive to the negative pole, although we cannot see the change. 
The deposition of metallic copper continues, as long as the positive electrode laste ; 
and the saline solution in the decomposing vessel retains its original strength thus 
&r unaltered. 

If a properly prepared mould or matrix of some object be hung in tiie metallic 
solution and connected with the negative pole of a voltaic batterv, copper will be 
slowlj but steadily deposited on the mould, as long as the positive pole is eon- 
nected with a sheet of copper, acting as the positive electrode in the bath. The 
copper thus precipitated is immediately restored to the bath by the dissc^ation 
of a fresh quanti^ of copper. This mode of depositing copper on moulds or 
matrices by the aid of voltaic electridtj is termed the €leeiroiype proees9, 

Emplov a solution of argentic nitrate instead of the solution of cupric chloride^ 
and introduce the two copper electrodes into the bath. The negative electrode 
is speedily covered with silver, and an equivalent quantity of copper, t.e., 63*6 
parts by weight, is dissolved firom the positive copper electrode, and 216 parts 
by weight of silver (2 x 108, silver being a monad element) are deposited on the 
negative copper electrode ; and it results from this, that in the place of the silver 
solution, tnere must ultimately be left a solution of cupric nitrate. This has 
found a practical application in the silvering (electro-plating) of artistic articles 
made of an inferior metal. 

Copper, like mercury, forms a lower or cuprotu oxide, CXI9O, in 
which two atoms of Cu are joined by one of their bonds, and are 
also linked to one atom of oxygen ; it is analogous in constitution 
to the important copper ore, Clu^S, thus :-^ 



1 'Hg'" 


1 'Cu'^ 


\ 'Cu''*- 


Merourous oxide. 


Cuprous oxide 


Caproua sulphide 




(f^ copper ore). 


{copper gltmet). 



Cuprous oxide is a feeble base ; it forms with concentrated 
hydrochloric acid cuprous chloride, CUaCls, which is colourless 
when pure. Other acids decompose it into metallic copper and 
ouprio oxide, which latter remains dissolved in the acid as a cupric 
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salt. Caprons chloride attracts oxygen very rapidly, and is, there- 
fore, a powerfal reducing agent. It is ased for absorbing carbonic 
oxide. 

To A SOLUTION OF CUPBOUS CHLORIDE, CU3CI2, in Concentrated 
hydrochloric acid, add 

OH2, a white precipitate of COsOla is produced. 

KHo gives a yellow precipitate of cuprous hydrmte, CU3H02, in- 
soluble in excess ; it attracts oxygen very rapidly, being converted 
into cupric hydrate. 

KI, in the presence of SOH02, or S02Feo", precipitates from 
cupric salts gree^iish white coprons Iodide, Cli2l2, soluble in excess. 
Both sulphurous acid and ferrous sulphate are reducing agents, 
which, by the absorption of oxygen from the cupric salt, are con- 
verted into SOsHoz and S306Fe2O^, thus : — 



(1) 2SO2CU0" -f 2S02Feo" = SO2CU20" + SsOeFeaO^. 

Cupric CuprouB 

sulpnate. sulphate. 



(2) SOaOujo" -f 2KI = CUala + SOaKoj. 

Cuprous 



L/uproufl 
iodide. 



QUESTIONS AND EXEECISES. 

1. How does copper occur in nature ? 

2. Express in symbolic equations the reactions of copper in the wet way. 

8. Write out the graphic formul» for maUichitej copper glance ^ azuritCf and hlue 

tnttiol, ammonio-cupric sulphate, cuprous iodide. 
4k Explain what takes place — 

1st. When copper is treated with concentrated NOsHo. 
2nd. „ „ „ SO2H02. 

8rd. „ „ „ HOI. 

GKyo equations. 

5. Giye instances of the oxidizing action of cupric salts. 

6. What action takes place when the polished blade of a knife is plunged into a 

solution of a cupric salt ? 

7. How much metallic zinc is required to precipitate 1*6 grm. of copper from a 

cupric solution ? 

8. A sample of iron pyrites which has been used for manufacturing sulphurio 

acid is found on analysis to contain 4*56 per cent, of copper. How much 
metallic iron is required to precipitate the copper from a hydrochloric 
acid solution of a ton of the spent pyrites ? 

9. Explain the electrotype process. 

10. What is understood by nascent hydrogen ? 

11. What is the percentage of metallic copper in malcichite ? 

12. How is Cu separated from Ag and Fb ? 

18. How can copper in OuS be separated from bismuth in Bi^Sa ? 

14. What change takes place when metallic copper is heated in air P 

16. How much hydrogen gas at 0^ and 760 mm. pressure) is required to deprive 

10 grms. of ignited cupric oxide of its oxygen, and how much water will 

be obtained ? 

F 2 
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5. CADMIUM^ Cd". — This metal is found in nature, associated 
"with zinc, in certain zinc ores, e.g., zinc blende ZnS. It is of com- 
paratively rare occurrence; only one mineral of cadmium being 
known at present, viz., the extremely rare greenochite, CdS. It can 
be distilled like mercury or zinc. Being more volatile than metallic 
zinc, its vapour distils over first, and bums with a brovm flame 
(Jbrown blaze), i.e., it is converted into cadmic oxide. 

Cadmium dissolves readily in acids with evolution of hydrogen. 
It also resembles the metal zinc in being dissolved by boiHng 
potassic hydrate, hydrogen being given off— 

Cd -f 2KHo = CdKoa + H,. 

EXAMINATION IN THE DRY WAT. 

Cadmium compounds, when heated on charcoal in the inner 
flame, mixed with sodic carbonate, give a characteristic brown in- 
crustation, i.e., they are readily reduced to the metallic state ; the 
metal being highly volatile, is reoxidized on its passage through the 
outer flame. Cadmium is recognized with more difficulty, when it 
is in combination with zinc, as for instance in cad/miferoua blende. 
By heating, however, a mixture of blende and sodic carbonate and 
potassic cyanide, for a few moments only, on charcoal, a slight 
brown incrustation is generally obtainable, before the zinc is volati- 
lized. Cadmic oxide turns the bead of borax or microoosmic salt 
yellowish, whilst hot, colourless when cold. 

REACTIONS IN THE WET WAT. 

We employ A solution of cadmic chloride, CdCU, or sulphate, 
SO,Cdo". 

SH3 (vronp reavent) gives from dilute solutions a fine yeiUow 
precipitate of cadmic sulphide, CdS, insoluble in alkaline sulphides, 
caustic alkalies, or potassic cyanide ; insoluble in cold, but soluble 
in hot dilute nitric and hydrochloric acids ; soluble also in dilute 
sulphuric acid. (Distinction from Copper.) 

SAma, same precipitate. 

KHo, a white precipitate of cadmic hydrate, CdHos, insoluble in 
excess. 

AmHo, same precipitate, soluble in excess. 

COAmot (free from AmHo) a white precipitate of cadmic car- 
bonate, COCdo", insoluble in excess. 

CONaoa, same precipitate. 

KCy gives a white precipitate of cadotlc cyanide, CdCys, soluble 
in excess. Sulphuretted hydrogen precipitates from this solution 
CdS. (Distinction from Copper.) 

Metallic zinc precipitates cadmium from its solutions. 

QUESTIOKS AND EXSBCISSS. 

1. Describe three methods of sepsration of Cd from Co. 

2. How is Cd separated from Zn ? 

8. How IB Cd separated from Fb, Ag, and Bi P 
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4. How much cadmic sulphide can be prepared from 10 grms. of cijBtallised 

oadmic sulphate, S02Cdo'^40H3 ? 

5. What takes place when greenockite is roasted in a glass tube open at both 

ends? 

6. How is the metal cadmium converted 1st into oxide, 2nd into chloride, 8rd 

into sulphate ? 

7. How can we extract cadmium from its oxide or sulphide P 

8. You are requested to convert 10 grms. of cadmic sulphate into cadmic bro- 

mide ; how would you proceed, and how much OdBr^ should there be 
obtained? 

Separation of the metals op Subdivision A, Group II, viz., 

MERCURY, LEAD, BISMUTH, COPPER, CADMIUM, WHOSE SULPHIDES ARE 
INSOLUBLE IN AMMONIC SULPHIDE OR SODIC HYDRATE. 

The precipitate produced bj the group-reagent SH2, which is 
inBolable in amnionic sulphide or sodic hydrate, may consist of all 
the five sulphides, or only of one, two, etc. A precipitate of a bright 
yellow colour, 0.^., would be indicative of cadmic sulphide only. If 
the precipitate be black, it is necessary to examine for all the five 
metaLs. 

We have already seen that the sulphides of the metals of this 
subdivision art- 
ist. Insoluble in alkalies and alkaline sulphides, and 
2nd. Insoluble in dilute acids, or nearly so ; but soluble in con- 
centrated acids. 

Concentrated nitric acid (free from chlorine), diluted with its 
own bulk of water, dissolves four out of the five sulphides, viz., PbS, 
BijSa, CaS, and CdS, with separation of sulphur ; mercuric sulphide 
being soluble only in aqua regia. Hence by boiling with mode- 
rately concentrated nitric acid (in the absence of HCl), we can 
separate mercury from the other metals of subdivision A. Concen- 
trated nitric acid converts PbS partially into SOaPbo", by the 
simultaneous ozidation of the sulphur. We should, therefore, obtain 
in the residue HgS, as well as oOsPbo'' and sulphur. But as the 
whole of the PbS can be converted into SOsPbo" only by boiling 
with fuming nitric add, and as SOsPbo" is slightly soluble in con- 
centrated nitric acid, we should not succeed in removing the lead 
entirely as sulphate. This difficulty is overcome by boiling the 
whole of the sulphides with moderately concentrated nitric acid, 
then diluting with water and adding dilute sulphuric acid (S02Pbo" 
being less soluble in dilute sulphuric acid than in water), and lastly, 
when cold, adding to the solution its own bulk of alcohol (methy- 
lated spirit). A residue is left which maybe white, indicative of the 
presence of SOsPbo", or black, from the presence of HgS and sul- 
phur. The aohiUon contains the metals Bi, Cu, Cd. 

Examination op the Ebsidub. — SOaPbo" dissolves readily in 
certain salts, such as ammonic acetate or tartrate. By treating 
the residue, therefore, with a concentrated solution of ammonic 
acetate, we are able to dissolve out the SOjPbo". The absence of 
mercury compounds may be inferred, if no black but only a yellow 
residue of sulphur, is IdEt, and if no mercury has been indicated by 
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the reactions in tlie dry way. The presence of both lead and 
mercury should, however, invariably be confirmed by special tests ; 
viz., the lead by means of Cr02Ko2, and the mercury, by heating 
the dry residue in a bulb tube with dry sodic carbonate. 

Examination op the Solution. — We have seen that AmHo 
precipitates BiHos, which is insoluble in excess, whilst CoHot and 
CdHoj are likewise precipitated, but are soluble in excess. If a 
white precipitate be obtained on adding AmHo, we infer that bis- 
muth is present. (Should the lead not have been removed entirely, 
some PbHoa would be likewise precipitated). The precipitate is 
filtered off and well washed, then redissolved in a little hydrochloric 
acid, and precipitated by the addition of water. ' The ammoniacal 
filtrate is of a fine azv/re hlue colour, when copper — even in small 
quantities — is present. If colourless, and if, by the addition of SHa 
a fine yellow precipitate comes dowiii we infer that no copper is 
present, but only cadmium. If a black precipitate comes down, on 
passing the gas through the sUghUy acidulated (HCl) solution, we 
infer the presence of copper and possibly of cadmium. These two 
metals can be separated either by means of KCy (CdS being inso- 
luble in potassic cyanide), or dilute sulphuric acid (CuS being inso- 
luble in hot dilute sulphuric acid). Filter again; in the one case 
copper is left in solution, in the other cadmium. It is not difficult 
to identify these two metals by special tests. 

The separation of the metals mercury, lead, bismuth, copper and 
cadmium, is therefore based upon : — 

1st. The insolubility of HgS in nitric acid, 

2nd. The formation of SOaPbo", amd its solubility in amnionic 
a/yetate. 

8rd. The insoluhility of BiHos ^ excess of ammonic hydraie, 

^th. The insolubility of CuS in dilute sulphuric acid, or its solu- 
bility in potassic cyanide. 

A tabular scheme for their separation is given in the Analytical 
Tables, Table II. 



PRACTICAL EXERCISES AND QUESTIONS ON GROUP U, SUB- 
DIVISION A, AND THE PREVIOUS GROUPS. 

Tou are requested to analyse — 

1. A sample of galena^ in the diy way only. 

2. A hTdrochlorio acid solution, containing much mercuric and little plumbic 

chloride. 
8. A mixture of the solid salt«, blue ritriol, oonoaiye sablimate, and white 
ritriol, in the dry and wet way. 

4. A mixture of the solid salts, plumbic and bifmuthotis nitrat«, in the dry and 

wet way. 

5. A solution containing much baric chloride and little plumbic chloride. 

6. A solution containing oupric, ferrous, and sincic sulphates. 

7. A solution of cuprio, cadmic, and zincic sulphates, containing 0*50 gnn. of 

Cu, 020 grm. of Cd, and '500 grm. of Zn. 

8. An alloy of zinc and copper (brass). 

9. A solution of mercuric, plumbic, and bismuthons nitrates, containing *060 

grm. of Hg, '600 grm. of Pb, and '100 gnn. of BL 
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10. A sginple of copper glance^ in the dry way only. 

11. A sample of nudaehitei in the dry way. 

12. A solution of plmnhio and biflmuthous nitrates (to be distinguished by means 

of OXO3E03 and NaHo). 

13. A solution of plumbic and cupric nitrates. 

14. What takes place when an ore, containing FbS, OdS, and ZnS, is roasted 

in a current of air ? 

15. You have giyen to you a solution of cuprio sulphate, dipotassic tartrate, sodio 

hydrate, and grape sugar? what changes can you produce with these 
materials? 



Group II. Subdivision B. 

1. TIN^ Sn" and *^. — This metal is fonnd in nature mainly in 
the form of tinstone or cassiterite, SXIO2, sometimes combined with 
sulphur, as tin pyrites, SnSs (hell-metal ore) . 

EXAMINATION IN TUB DRY WAT. 

When tin minerals are fused on charcoal, witli CONaoa and 
KCj, in a strongly reducing flame, they yield small globules of tin 
which are malleable, and the charcoal becomes covered with a white 
coating of SnOi. If this white incrustation be treated with a solu- 
tion of oobaltous nitrate, and strongly heated, it assumes a bluish- 
green colour, which is characteristic of tin. 

By introducing into a borax bead — in which sufficient cupric oxide has been 
di£E^ued to render the bead faintly blue — traces of a tin compound and heating 
in the reducing flame, the bead turns reddish brown, or forms a ruby -red glass. 

EXAMINATION IN THE WET WAY. 

Tinstone being insoluble in acids, must be fused with alkaline 
carbonates and a reducing agent, such as potassic cyanide, charcoal, 
or black flux (ignited Bochelle salt), when metallic tin is obtained. 
Tin dissolves slowly in hot hydrochloric acid with evolution of 
hydrogen and formation of SnGla, readily in aqua regia with for- 
mation of S11CI4. Nitric acid converts tin into metastannic acid, 
SliftOsHoio, which by evaporation and ignition is converted into 
SXIO3. 100 parts by weight of metallic tin when thus oxidized, 
are found to increase to 127*6 by weight (atomic weight of Sn = 

118). ^ , . . 

Tin is capable of combining either with two, or four atoms of 
chlorine, etc. In stannous chloride, SnGla, the metal exists as a 
dyad, and in stannic chloride, SnCU, as a tetrad element. It is 
capable of forming two series of salts, of oxides, sulphides, etc., viz. : — 

Stannofu compounds. Stannic compounds, 

Sn'^Cls Stannous chloride. Sii*^Cl4 Stannic chloride. 

8n"0 „ oxide. Sn^'Of „ oxide (anhydride). 

SOsSno^ „ sulphate. Sn^^ „ sulphiop. 

_Q%no'' „ nitrate. 

Sn''S ,i sulphide. 
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Stannic acid, SnOHot, combines not only with the strong alkali 
bases, OK2, ONa^, but even with stannous oxide, SnO, to form 
staunates, e»g., SxiOKo2, dipotassic stannate, SnOSno", stannous 
stannate. 

A. stannous compounds. — ^A SOLUTION OF STANNOUS CHLOBIDS, 

SnG]2, is employed. 

SH2 (trroap-reavent) gives a dark brown precipitate of stannono 
sulphide, SnS, insoluble in ammonia ; nearly insoluble in normal 
ammonic sulphide, but readily dissolved by the yellow sulphide : 
from this latter solution it is reprecipitated as yellow stannic sul- 
phide, SnSs, on the addition of hydrochloric acid ; it is also soluble 
in potassic or sodic hydrate, from which hydrochloric acid precipi- 
tates SnS unchanged. Soluble in boiling hydrochloric acid. 

SAms gives the same precipitate. Soluble in excess. 

KHo or NaHo gives a white bulky precipitate of stannous 
hydrate, SnHoa, readily soluble in excess to SllKo2 (dipotassic 
stannite). 

AmHo or COAmoa, same precipitate, insoluble in excess. 

By far the most interesting reactions are based, however, upon 
the tendency of stannous salts to become converted into stannic 
salts. S11CI2 combines with two more atoms of chlorine to become 
converted into SnCU, whereby the chemical affinities of tin for 
chlorine become satisfied ; and stannous compounds may be 
viewed as unfinished bodies, which can deprive certain other 
bodies of chlorine, oxygen, etc. Expressed CTaphically, dyad 
tin (or stannosuniy as it is sometimes called) has two bonds 



left unsatisfied or lat-ent, thus: — Gl — Sn — Cl» whilst in tetrad 

I 

a 

tin (stanmomri) all the bonds are satisfied, thus : — CI— Sn — 01, or 

01 
0=Sn=0. 

HgOla added to a solution of SnCls piodaces first a white predpitate of 
mercurous chlortde, H^jCls, ft°d when boiled with excess of SnCli, yields 
a grejish powder of metallic mereury. 

NOiAgo gives with excess of SnCls a finely divided black precipitate of 
metaliie silver — 

2SnGls + 2N09Ago - Ag, + ^Q^no"' + SnC^. 

O11OI3 is reduced by SnClf to euprons chloride, OusCls, with formation 
of SnCU. 

FosCle yields two atoms of chlorine to SnCls, forming SnCl^, and leaving 
two molecules of FeCls. The yellowish solution turns green. 

AnCl| gives with SnClj a purple precipitate (purple of casaiu*), to which 
the formuhb SnOAujo" + SnOSno" -l- 4Aq (somctunes viewed also ae Auj -f 
SSnOj), has been assigned. The change may be expressed thus : — 

2AuCl, + SSnCl, + 60Hs » Aus + SSnOs + 12Ha. 

This is a most delicate reaction. 
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B. Btannle compounds. — ^A solution of stannic chloride, SnCl|, 
IB employed in stadjing the reactions of Sn*^ in the wet way. 

SHs (vronp-reasent) gives a yellow precipitate of stannlo sol- 
pM4e, SnSs, readily soluble in alkaline sulphides, potassic hydrate, 
boiling concentrated hydrochloric acid, and aqua regia; soluble, 
althon^h somewhat diflRcultly, in ammonic hydrate (Distinction 
FBOM SnS), and nearly insoluble in ammonic carbonate. 

SAm2, same precipitate, soluble in excess. 

K!Ho or AmHo produces a white precipitate of stannic hydrate, 
SnOHos, or stannic add, which is completely soluble in excess, 
forming dipotassic stannate, soluble in hydrochloric acid. 

COAmoa or CONaoa precipitates white stannlo add, SnOHoa, 
soluble in canstic alkalies. 

Stannic chloride furnishes us, moreover, with an interesting pro- 
cess of precipitation, viz., by means of nentral salts, such as sodic 
sulphate, ammonic nitrate (in fact, most neutral salts). Metastannic 
acid (SllfiOsHoip) is precipitated on heating, provided the solution 
of stannic chloride be not too acid, thus : — 

5SnCl4 + 20SOaNaoa + ISOH, = SngOsHow + 20NaCl 

-f 20SO3HoNao. 

SSnCU + 20NOaAmo + 150Ha = SiisOJIoio + 20AmCl 

+ 20NOaHo. 

Metallic zinc precipitates from acid solutions of staunous or 
stannic chloride metallic tin in the form of grey laminsB, or of a 
spongy mass which can be readily dissolved in hydrochloric acid, 
especially by the aid of a piece of platinum foil. 

Metallic tin or copper reduces stannic to stannous chloride, 
thus: — 

SnCU + Sn = 2SnGla. 

A solution of stannous chloride (containing hydrochloric acid) 
cannot be kept, when exposed to air, without changing rapidly to 
stannic chloride, on account of the great attraction which stannous 
salts possess for oxygen, thus : — 

(1) SnCla + O = SnO + Cla. 

(2) SnCla + Cla = SnCU. 

(3) SnO -f 2HC1 = SnOla + OH,. 

Henoe granulated metallic tin or pure tinfoil is usually put 
into stannous solutions in order to prevent the formation of stannic 
chloride. 

QUESTIONS AND EXERCISES. 

1. How do you detect a stannic salt in the presence of a stannous salt ? 

2. Giye the constitutional and graphic formuls for metastannic and stannic 

adds, stannous and stannic chlorides. 
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3. How can the correctness of the atomic weight assigned to tin be shown 

experimentally ? 

4. Why does a chemical change take place when SnOla and HffClj are heated 

together ? 

5. Explain the action of chlorine, nitric acid, and air upon stannous salts. 

6. How is Sn separated from Ag ? 

7. How would joxL analyse an adloy consisting of Fb, Cu, Bi, Sn ? 

8. A tinstotie yielded on analysis 77*5 per cent, of metallic tin ; how much finOj 

did it contain ? 

9. How much chlorine gas by weight and by volume (at (f and 760 nun.) will be 

absorbed by 10 grms. of SnOl] P 
10. Express in symbolic formula the equations for the reactions, in the wet waj, 
of stannous and stannic chlorides. 



2. ANTIMONY^ Sb'" and \— This metal is found native; also 
in combination with oxygen as white antimony^ SbgOs, but more 
frequently as sulphide, SbiSj (^grey amMmony)^ and in combinatioii 
with other metallic sulphides (iMSsS, PbS, 'Cu'sS), as sulphanti- 
monite and sulpbantimoniate. 

EXAMINATION IN THE DRY WAT. 

On heating metallic antimony or an antimony mineral, e,g.y grey 
antimony y with free access of air, either on charcoal or in a glass 
tube open at both ends, dense white fumes of antimonious and 
antimonic oxides are given off, which condense on the colder part 
of the charcoal or glass tube, thus : — 

SbtSa + O, = SbaO, -f 3S0, 

Sublimed. 

All compounds of antimony can be reduced to the metallic state 
when heated on charcoal in the reducing flame, together with 
CONao, and KCy. A brittle globule of metallic antimony is 
obtained, giving off dense white fumes of SbfOa (even after the 
withdrawal of the metal from the flame), which thickly incrust the 
metallic globule with a network of brilliant acicular crystals. 

EXAMINATION IN THE WET WAT. 

Chlorine attacks antimony violently, forming witb it SbCls or 
SbCU, according to the proportions of chlorine employed, and 
according to the temperature at which the combination takes place. 
Hydrochloric acid has scarcely any action upon the metal; aqua 
regia dissolves it readily to m)Cl0. Nitric acid converts it into a 
compound containing SOaOa and SbaOs, insoluble in nitric acid, 
soluble in tartaric acid, Qrey antimony, SbaSs, as well as SbaSi, 
dissolve in concentrated hydrochloric acid with evolution of sulphu- 
retted hydrogen, the latter sulphide with separation of sulphur. 

Antimony forms two series of compounds by combining either 
with three or five atoms of chlorine, etc., vis. : — 
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Antimonious compov/nds. Aniimonic compounds. 

Sb'^'Cls, AntiinoniouB chloride. SVCls, Antimonio ohloride. 

Sb'"sOa, „ oxide. Sb^aOg, „ oxide. 

SV3S9, „ sulphide. Sb^jSg, „ eulphide. 

8b"'OHo, MetantimoniouB aoid. SVO2H0, Metantixnomc acid.* 

Both these acids can enter into combination with strong bases, 
sach as potassa, or soda, to form weak salts, — ^metantimonites and 
metantimoniates, viz. : — 

SV'OKo, Potassio metantimonite. 
SVO2K0, Potassic metantiinoniate. 
Sb^OaNao, Sodio metantimoniate. 

SVOjCSVOj)', antimonjlic metantimoniate, or < /avjiyQ** dian- 

timonic ieiarozide, is formed when antimonic oxide (obtained by dis- 
BolTing antimony in nitric acid) is ignited. This compound is of 
some importance, as it serves for the qnantitatiye estimation of 
antimony. 

A. AntlmonlOllS COmpOUndB. — ^A SOLUTION OF ANTIMONIOUS CHLO- 
RIDE, SbCla, is employed for the reactions in the wet way. 

SHs (vrovp reasent) gives an ora/nge red precipitate of antlmo- 
■loiu swlphldc, Sb2S9, soluble in alkaline sulphides and in potassic 
or sodic hydrate; reprecipitated by hydrochloric acid; slightly 
soluble in ammonic hydrate, insoluble in hydric ammonic carbonate 
and in hydric ammonic or hydric potassic sulphites. It dissolves in 
boiling concentrated hydrochloric acid. 

Temperature and concentration of the reagents produce reciprocal effects. In 
fr dilate hydrochloric acid solution the SbCls exchanges its chlorine in the cold 
for sulphur, with precipitation of Sb2S8, whilst hoiling concentrated hydrochloric 
add dissolyes Sb^Sj reatidily with evolution of SHs. 

SAms produces the same precipitate as SH3, soluble in excess. 

KHo or NaHo precipitate antimoniotts oxide, Sb20s, readily 
soluble in excess, with formation of potassic antimonite. 

AmHo, same precipitate, almost insoluble in excess. 

COAmO), COK03, or CONaOj, same precipitate. 

OH3 decomposes SbCIa, forming a white insoluble basic salt, 
antliiioiilous oxychiorlde, SbOOl, soluble in tartaric acid. (Dis- 
tinction FROM BiSMUTHOTJS OXYCHLORIDB, BlOCl). Water, therefore, 
^ves no precipitate with a solution of potassic antimonylic tartrate 

fC0(Sb'"02)' 

1 CTTTTn 
(JUiriar emetic) < nHHo ' ^^^ alkalies and alkaline carbonat-es 

[cOKo 
produce a partial precipitation only after some time. 

MetalUc Zn, Cu, Gd, Fe, Co, Sn, and Pb precipitate the metal 
in the absence of free nitric acid as a black powder. 

• Orthantimonic acid, SbOHos, <^d pyrantimonic acid, Sb208Ho4 (said to be 
formed when antimonic chloride is decomposed by water), are little known. 
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An exceedingly delicate reaction for antimony consists in preci- 
pitating tlie metal from a dilate hydrochloric acid solution on. 
platinam foil or on the lid of a platinum crucible, by means of a 
small strip of metallic zinc. H and SbH, (antimonietted hydro- 
gen*) are evolved, and the platinum is stained brown or black by 
the deposited metal. Mere traces of antimony can thus be dis- 
covered. The stain is not affected by hot dilute hydrochloric acid, 
but disappears on heating with nitric acid. Tin cannot be precipi- 
tated on platinum. It is precipitated by zinc, and is readily soluble 
in hot dilate hydrochloric acid. 

Compounds containing triad antimony exhibit a tendency (less 
marked, however, than in stannous compounds) to combine with 
more chlorine, etc., and to pass into pentad or antimonic compounds. 
Expressed graphiciEdly — 

CI 
^hSnS^ ^\ jj/has two bonds left unsatisfied or latent, 

cr ^ 

whilst pentad antimony in Sb^Cls or Sb^OCls (oxy-trichloride), has 
all its bonds satisfied, thus : — 

CI ^ 

Antimonic CL J .01 Antimonic J 

chloride. >db< • ^,7-^- Cl-gb-CI 

Qi/ Ny^j chloride. | 

CI 

The following are some of the reactions naturally arising from 
this condition of antimonious compounds : — 

YHien a current of chlorine gas is passed oyer solid SbCla, a moleeule of 
chlorine is absorbed, and the chloride liquefies, thus : — 

SbCla + CI, - SbClf. 

Solid Liquid 

antimonious antimonic 
chloride. chloride. 

Sodic metantimonite, SbONao, is oxidised, in the presence of sodic hydnte, 
by free iodine, with formation of sodic metantimoniate, SbOsNao, and Kal, 
thus: — 

SbONao + Is + 2NaHo - SbOtNao + 2NaI + 0H». 

A hydrochloric acid solution of SbOla redooes AuC]« to n»ai:Mlli> gold 
(frequently with separation of BtoOJio), thus : — 

8SbCl« + 2AuCla - SSbClf + Auf. 

Sodic metantimonite is oxidised in an alkaline solution by argentic oxide, 
OAgs, to sodic metantimoniate, argentous oxide, OAg4, being formed, iHiich 
is insoluble in ammonio hydrate, OAgs, being readily soluble. (DiSTorcriOK 
BBTWXBM SbsOa Ain> SbjOf.) 



* Of this gas more at page 66. 
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The Bereral reactions may be expressed as follows : 

(1) Sbd, + 4NaKo » SbONao + SKaCl + 20H,. 

Sodic 
metantiinonite. 

(2) 2NO,Ago •«• 2NaKo » OAg, + 2KOsl^ao -t- OBf. 

Argentic oxide 

(insoluble in NaHo, 

soluble in AmHo). 

(3) SbONao •«• 20Ag, - SbOsNao + 0Ag4. 

Black argentous 
oxide, insoluble 
in AmHo. 

SSONaos (sodle hyvoanlplilte) redncee antimonious compounds to metallic 
aniimonj, which combines with sulphur and forms SbjSi, thus : — 

SSSONaos + SbsOs » SbsS, + SSOaNaos. 
B. Antlmonlc COmpOimflS. — ^A SOLUTION OF POTASSIG METANTIMONI- 

ATS, SbOaKo, may conyeniently be employed for studying the 
reactions in the wet way. 

This salt is prepared by fusing inetantimonic acid, SbOaHo, 
with a large excess of KHo, in a silver cmcible, and dissolving the 
mass in cold water. Fnsed with caustic soda, a sodic metanti- 
moniate is obtained, which is insoluble in water. 

SbOsKo is readily decomposed by concentrated Acids (hydro- 
chloric or nitric), metantimonic acid being precipitated. 

SHs gives firom a solution of SbOsHo in excess of hydrochloric 
acid, an orange precipitate of antimonic sulphide, SbaSs, mixed with 
SbaSs and S; soluble in alkaline sulphides, readily soluble in 
ammonic or potassic hydrate ; also soluble in boiling concentrated 
liydrochloric acid, with evolution of SH3 and deposi^on of S ; only 
very sparingly soluble in cold hydric ammonic carbonate. 

SAms, same precipitate, soluble in excess. 

SOgFeo'^ does not reduce antimonic compounds. 

NOaAgo, added to an alkaline solution of SbOaKo, yields, for 
obvious reasons, only OAga, readily soluble in ammonic hydrate. 

Antimonic eampounds, like stannic salts, can, under certain condiiione, alio ad 
as oxidizing agents, e.g. : — . 

On igniting antimonic anhydride, it splits up into Sba04 and oxygen. 

SnC^ precipitates SbOHo from a hydrochloric acid solution of SbOaHo, 
the SnCls being oonverted into SnGl4. 

On boiling a solution of SbOfHo in hydrochloric acid with potassic iodide, 
iodine is liberated, colouring the solution brown. (SbClg is in fact frequently 
employed for the purpose of conveying chlorine toother bodies, both mineral and 
organic.) Iodine is set free, because SbClj, on being heated, together with 
SKI, forms SbGla 4 Is -I- 2KC1. The hberated iodine is readily recognized by 
means of starch paste, when the highly delicate and characteristic blue iodide of 
starch reaction is obtained. (DiBTiKCiiON betwekit antimonious and anti- 
monic COMPOUNDS.) 
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QUESTIONS AND EXERCISES. 

1. How is antimoniouB chloride prepared? What change does it undergo 

when water ia added to it ? 

2. How can the metal antimony be obtained from ffrey antimony ore ? 

3. By what characteristic reaction can antimony compounds be recognized when 

examined in the dry way P 

4. What is the action of concentrated nitric acid upon metallic antimony? 

Explain the change by an equation. 

5. How can you distinguish between antimonious and antimonic compounds ? 

6. Explain the action of Zn or Fe upon a solution of SbCls* 

7. What eyidence have we to show the triad and pentad nature of Sb ? 

8. GKye illustrations of the reducing action of antimonious compounds, e.y., anti- 

monious chloride. 

9. Give instances of the oxidising action of antimonic compounds, e.0., metanti- 

monic acid. 

10. State how you would separate Sb from Sn, in the wet way. 

11. How can Sb be separated from Bi ? 

12. Express by symbolic equations the reactions for antimony in the wet way. 

13. Calculate the percentage composition of white antimony and antimoniouB 

oxychloride. 

14. 1 grm. of a sample of yrey antimony yielded on analysis '854 grm. of Sb^O^ ; 

wliat per centage of antimony does the ore contain ? 

15. How would you separate Sn from Sb, in the dry way P 

16. How much Sb204 by weight will 1*32 grm. of metallic antimony yield? 

17. How much chlorine by weight and by volume (at (f C. and 760 mm.) is re- 

quired to convert 10 grms. of SbCla into SbClg ? 

18. How much oxygen gas by weight and by volimie (at O'^ C. and 760 mm.) can 

be obtained by igniting 5 grms. of SbjO^ P 

19. Describe the preparation of potassic metantimoniate. 

20. How much Pb and Sb have to be employ ixL to prepare 50 lb. of type metal, 

an alloy having the composition Pb4Sb ? 



3. ARSENICi As''' and ^.— This body constitntes one of tlie 
most widely diffased elements in nature. It is found nohve, bat 
exists most frequently in combination with sulphur as realgar^ 

I Aa9'" ^^ diarsenious disulphide, and as orpiment, ABtS\ or 

arsenions sulphide (sulpharsenious anhydride) ; in combination with 

{"As' . f 'AB"Ni 

{"Ab' 
// « /Co. Arsenic acts in some of these mineral 

bodies more like a metalloid than a metal. Metallic arsenides are 

frequently found in combination with metallic sulphides, such as the 

sulphides of Ag, Fe, Ni, Co, Cu, etc., as in the common mineral 

f "As' 
miapicJcel, or arsenical pyriteSj < // . ,Fe",Pe*^Sa, in nickel glance or 

{"As' r "As' 

// *^iNi",Ni*^Sa, and in cobalt glance < //a«'^"> 

Co'^Ss. Arsenic occurs also in the form of metallic arseniates, such 
as calcic, magnesic, nickeloas, cobaltous, plumbic arseniates ; for 
example, in the mineral pharmacolite, A8303Cao"tf 60Ha (calcic 
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pyrareeniate), in nickel ochre, A8308Nio''3,9OH2, in cobalt bloom, 
AfliO,Coo"3,80Ha, and in mimetesite, 3(ABa08Pbo"s),PbCl,. 

Tnoes of arsenic are almost inrariably found in commeroial sulphuTi iron, 
copper, tin, and antimony. On account of the solubiliij of its oxides, arsezuc is 
sometimes found in mineral springs and in the ochreous deposits from mineral 
"WMtem* 

EXAMINATION IN THB DBT WAY. 

Arsenic can be completely volatilized. When heated in contact 
-with air, either on charcoal or in an open tnbe, it bnms and forms 
arsenions anhydride, As203, giving off at the same time a peculiar 
and most characteristic garlic odour. Arsenical compounds give 
the same indications when heated by themselves, on charcoal in the 
reducing flame, and on the addition of sodic carbonate and potassio 
cyanide, whether the arsenic be present as arsenite or arseniate. The 
blowpipe experiments should be performed with great precaution, 
since arsenical fumes are 
poisonous. The reaction 
being so very delicate, 
small quantities only of 
the substance should be 
operated upon. 

When araenioal compounds 
Bre heated in a bulb-tube, Fig. Fio* 8. 

8, a, mixed with a proper re- 
ducing agent (such as sodic carbonate and charcoal powder or black-flux), 
metallic arsenic sublimes and is deposited in the shape of a lustrous steel grey 
' miiTor, b, in the upper part of the tube. 

EXAMINATION IN THB WET WAT. 

Chlorine attacks arsenic violently, forming a highly poisonous 
liquid, arsenious chloride, AsCls. Hydrochloric acid does not act 
upon arsenic ; nitric acid oxidizes it to arsenious and arsenic acids, 
according to the concentration of the acid. 

Arsenic forms two oxides, sulphides, etc., and two well characterized 
series of salts, arseniies and arseniates. 



A. Arsenloiu compounds. — ^We may employ either a solution 
OF AB8BNI0U8 ANHTDBiDE, AS3O3, in dilute hydrochloric acid, or an 
AQUEOUS solution OF AN ABSENiTE, AsKos (tripotassic arscnite). 

SHa (sroup-reasent) produces in an acid solution of ASaOs 
a lemon yellow precipitate of arsenloas snlplilde, ASaSs, readily 
soluble in caustic alkalies, in alkaline carbonates and sulphides 
forming alkaline arsenites and sulpharsenites ; it is reprecipitated 
firom any of these solutions oA the addition of dilute hydrochloric 
or nitric acid. It is nearly insoluble in concentrated hydrochloric 
acid, even on boiling; but soluble in nitric acid. On digesting 
freshly precipitated arsenious sulphide in a solution of hydric 
potassic sulphite, SOHoKo, and excess of sulphurous acid, the yellow 
precipitate is dissolved, and the solution contains potassic metar- 
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senite, and potassic hyposulpliite, after driving off the excess of snl- 
phnroTis acid by evaporation, thns: — 

2AS2S8 -h ICSOHoKo = 4AsOKo + 6SSOK0, + S, -h 780, 

+ 80H,. 

SAms, same precipitate soluble in excess. 

NOjAgo produces from a solation of a neutral arsenite, or from 
a solution of A82O3 in water, rendered neutral by cautiously add- 
ing amnionic hydrate, a yellow precipitate of trlarBentie aneBtte^ 
AsAgOs, readily soluble in ammonic hydrate, ammonic chloride, 
or nitric acid. The ammoniacal solution of AsAgOi and OAgs is 
decomposed on boiling, with separation of metallic silver and for- 
mation of trlarsentle anenlate, AsOAgOg, thus : — 

AsAgOa -h OAga = AsOAgOs -h Ag,. 

Soluble in Soluble in Soluble in Black 
AmHo. AmHo. AmHo. precipitate. 

SO3CU0'' produces a characteristic yeUotoith green precipitate of liytf rte 
enprle arsenite, AsHoCuo'' {ScheeWe green) , from a solution of tripotassic 
arsenite* readilj soluble in ammonic hydrate, ammonic chloride, or nitric acid. 

SOjMgo'' gi^M no precipitate in the presence of free ammonic hydrate and 
ammonic chloride. 

Beinsch*8 test — Arsenic is precipitated on a strip of clean metaUic 
copper, immersed in a hydrochloric acid solution of Ab,Os, in the 
form of a grey film of A82CU6, from highly dilute solutions, espe- 
cially on heating. The film peels off in black scales if the solution 
contain sufficient arsenic. The presence of the metal should be 
confirmed in the dry way, especially as antimony is also precipitated 
by metallic copper under similar conditions. 

Arsenious compounds exert a powerful reducing actionj when 
brought together with bodies that are capable of parting with 
oxygen, chlorine, etc. This property is even more marked in 
arsenious than in antimonious compounds. Triad arsenic com- 
pounds, containing two unsatisfied bonds, give rise to numerous 
interesting reactions, thus : — 

AuCls (anrle ehlortde) produces from an add solution of AsjOs a preci- 
pitate of metallic gold, and the reaction is so accurate that the amount of 
arsenic can be determined quantitatively from the weight of the precipitated 
gold. 

Two atoms of Au (2 x 196*7) * three atoms of As (8 x 76). 

4A.uCls + 8A83OS -f 160Hs « eAaOHo, -f AU4 + 12HCL 

Chlorine water, or compounds capable of yielding chlorine, such as a solution 
of bleaching powder, or of sodic hypochlorite, ClNao {Earn de Javelle), oxidize 
A%Os rapidly, thus : — 

A83O, -I- 2Cls -f 50IIs » 2AaOHo, -f 4HCI. 
Iodine, di^solred in a solution of potassio iodide, likewise oonrerts a solution 
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of AflaOs, dissolved in excess of hydric sodic carbonate, into As^G^, with forma- 
tion of an alkaline iodide, thus : — 

AsHoNaos + 2COHoNao + 13= A80HoNao2 + 2NaI + OHj + 2OO2. 

Chlorine, iodine, and bromine act as oxidizing agents bj decomposing water 
or a metallic oxide. They form, with the hydrogen, HCl, HI, HBr, or with a 
metal the corresponding haloid salt, and the oxygen is transferred to the 

The oxidizing action of OAgs, npon AsAgOg in an ammomacal solution has 
already been noticed. 

An analogous change is produced by cupric oxide in the presence of potaasic 
hydrate. On adding to a strongly alkaline solution of tripotassic arsenite a few 
drops of cupric sulphate, and applying a gentle heat, the blue solution deposits a 
red precipitate of cuinrous oxide, CU3O, and leaves tripotassic arseniate, AaOKog, 
in solution. (Dibtikction bbtween AmqO^ and AJI3O5.) 

The deoxidizing action which arsenious compounds exert upon the higher 
oxides of chromium (chromates) and manganese (manganates and permanganates), 
has already been described, pages 43 and 29. 

B. Araenle Compounds. — We employ AN AQUEOUS solution of 

TRIPOTASSIC AESBNIATE, AsOKos- 

SHs gives scarcely any precipitate from an acidalatcd solution 
of AbOKos, nntil the solution is heated, and a current of gas passed 
throngh for some time. It is difficult to effect complete precipitation 
even then. The precipitate consists of arsenious sulphide and sulphur. 
It is preferable to reduce the ASjOs first to ABjOs, by a more power- 
ful reducing agent than SH2, for example, by sulphurous acid, or 
an acid sulphite, sncb as SOHoKo or SOHoAmo-^ 

AbOKos -h SOH02 -h AbKos -h SO2H02, 

whence sulphuretted hydrogen precipitates the arsenic readily as 
arsenious sulphide. 

NOsAgo gives a reddish brown precipitate of tiiarsentle arseniate, 
AsOAgOs, soluble in ammonic hydrate and in nitric acid. 

SOjCuo'' produces a pale greenish blue precipitate of hydric cupric 
arseniate, AsOHoCuo", soluble in ammonic hydrate and nitric acid. 

SOjMgo", in the presence of ammonic chloride and ammonic 
hydrate, gives a white crystalline precipitate of amnionic mairnesic 
iniate, AaOAmoMgo'' (distinction of ABsOs from ASaOs). 
PosGle gives a tfelloioish white jpreoipitekie of ferric arseniate, A8j02FesO^^ 
^Q^JsPbo" (plnmbic acetate) ^TesAwhite precipitate of trtplumbic 

leniate, AsaOsPbo'^s- 
XO^Amos (amnionic molybdate), dissolved in nitric acid, gives a yeUono 
precipitate of arscnio-ammonic molybdate. 

Metallic copper does not precipitate metallic arsenic from dilute 
acid solutions of AB2O5 ; but on adding concentrated hydrochloric 
acid, and heating, a grey film of ABaCus is obtained (distinction 

BETWEEN Ab^Os AND AEHtOe). 

Arsenic as well as a/rseniotis convpounds are capable of oxidizing 
other bodies, and become themselves reduced- either to a lower oxide 
(^sulphide), or to the metallic staie. 

• G 
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Sulphuroufi acid reduces anenic to anenious acid. 

SSONaos (sodlc hyposulphite) deprives arsenious acid of its oxygen, and 
converts it into Aafizt thus : — 

2AsHo3 + SSSONaoa - AsA + SSOsNaoj + 80H,. 
Carbon reduces both Oxides of Arsenic to Metallic Arsenic. — ^A frag- 
ment of arsenioas anliydride {white arsenic) is placed in the pointed 
end, a, of a hard glass tnbe drawn out before the blowpipe, as seen in 

Fig. 9. A splinter of 
well ignited charcoal is 

next placed in the nar- 

"b ^^^/^^^SB^^^^ row part of the tnbe, at 

c^^^^^^l^^^ by somewhat above the 

fragment of ihe arse- 
nical compound. This 
charcoal is heated over 
a gas flame or the flame 
of a spirit lamp. When 
the charcoal is well 
ignited a second flame 
f 10. 9. ig applied to the lower 

end of the tnbe in order 
to volatilize the arsenical compound, the raponr of which, on passing 
over the glowing charcoal, is deprived of its oxygen, and metallic 
arsenic is deposited in the form of a shining black mirror on the 
inside of the tnbe, above the charcoal at c. The reaction takes 
place according to the equation : — 

2A8,08 + 3G = A04 + 3COs. 

This test is very delicate. Arsenic, in the form of an arsraiite or 
arseniate, is liberated bj mixing perfectly dry charcoal powder, or 
black-flnx, with the dry substance, previous to its introduction into 
the drawn out portion of the tube, which for this purpose has a 
small bulb blown at its lower end. The sublimation of metallic 
arsenic is accompanied by the characteristic garlic odour, 

KCy reduces arsenical 
compounds^-oxides as well 
as sulphides — with forma- 
tion of potassic cyanate or 
snlphocyanate. A mixture 
of potassic cyanide with 
Fio. 10. the arsenical compound is 

heated in a bulb tube, a 
(Fig. 10). Metallic arsenic is deposited at 6. 

The changes are expressed as follows : — 

2ABaO, + 6KCy = 6CyKo + As*. 

Potassic 
cyanate. 

2ABaS, + 6KCy = GCyKs + As*. 

Potassic 
snlphocyanate. 
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But since potassio ojanide ooalaina potassio rjanaU', as well 119 potasnii: c-Hr- 
boaate (its compoeitian may be eipreeeed by tlie formula SKCy + CjKo + 
xOOKo^, a portion onl; of tlie anenic in AljS, is obtained in the metaliio 
form, and a Bulphareeniate 19 formed wbich is not reduced by potasuc cjanide. 
On mixing the arsenioua jtulpliido with sulphur, tlie whole of the arsenic remains 
behind in the fused mass, as sulpharaeuiatc, and nu inetaUio deposit is obtained. 
(In the presence of sulphides of Pb, Cu, Ag, Au, Ni, Co, Fe— as, e.g., of FeSi, 
in arimical pyritet, HIS* ia «ie*e( fiance— which are reduced to the nietallio 
state bj the action of potassic cyanide, scarcely an* arseaical mirror is obtained, 
because the lilwrated metallic araenic — a portion only of the arsenio being liberated 
— would inunediateLj alloj itself with the metala.) These changes are expressed 
by the eqnatioQs : — 



Xhe reduction is generally effected by miiing dry arsenious sulphide with one 
part of potaseic cyanide and three parts of sodic carbonate, and introducing the 
mixture into apiece of oombuation tube, C, drawn out to a point, as seen on a 
larger scale in Fig. 11. A a^vr ojirrent of carbonic anhydride generated from 




marble and hydrochloric acid in the flask A, Fig. 13, and dried by passing 
through b mto the flask B, containing concentrated sulpliuric acid, and out 
through the delivery tube c, is passed over the miiture in the tube C, heated at 
first gently, till all the moisture has been driven out, and then strongly to fusion, 
— when a mirror of metallic arsenic collects in the neck of the drawn-out tulH. 
The reaction haa this adrantage, that no antimony mirror is obtained in the 

In order, howOTBr, to avoid missing the araenic, cither altogether or obtaining 
only a portion of it, as stated above, it is preferable to treat the arsenious sul- 
phide with a few drops of concentrated nitric acid, and to evaporate with a little 
snlphnric acid (in orderto decompose any metallic nitrates, if presenty TW 
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giilphnric acid is next neutraliBod with sodic carbonate, and the mass thoron^j 
dried, before mixing it with potaenc cyanide and reducing it as described. The 
fused mass retains the antimony, and a good arsenical mirror is obtained, piO' 
Tided no lead, copper, or other reducible metals were present. 

Arsenions and arsenic acids are both rednced by nascent hydro- 
gen, which combines with the oxygen of the arsenical oxides to 
form water, whilst the arsenic in its nascent state, or the very 
moment it is liberated from the oxygen, combines likewise with 
hydrogen to form a gaseons componnd of arsenic, called arsenietted 
hydrogen (arsenions hydride) — ^As'^'Hs. This gas is obtained pure 
by acting witb dilnte snlpharic acid npon an alloy of zinc and 
arsenic. The zinc takes the place of the hydrogen in the acid, and 
arsenietted hydrogen is liberated, thus . — 

ASsZns -h SSOaHoji = 3SO,Zno" -h 2A8H3. 

Arsenietted hydrogen- is an exceedingly poisonons gas, and the 
stndent shonld on no acconnt attempt to prepare it pore. Its 
properties may be studied equally well in a mixture of the gas with 
much hydrogen. 

The experiment should be conducted in a closet, connected with 
a chimney or flue, where a good indraught of air can be obtained. 
Arsenietted hydrogen possesses a yery nauseous odour, and bams 
with a peculiarly livid bluish flame, when the jet of hydrogen and 
arsenietted hydrogen gas is lighted, pwing to the combustion of 
arsenic to arsenions anhydride which rises in white fumes. 

Generate hydrogen in a flask, a, Fig. 18, from pure zino (free finom arsenic) 
and ^ure dilute sulphuric acid. Dry the gas br passing it over calcic chloride 
and connect the drying tube, 6, with a piece of hard glass tubing, e, drawn out 




Fio. 18. 

to a jet. The hydrogen gas may be isnited at the jet, 09 soon a* U hat ditplaeed 
the air in the generating fiaek^ a, a»tf drying tube, b. It bums with an almost 
colourless flame if the sine and acid are pure. On introducinff a few drops of an 
arsenions or arsenic acid solution through the funnel-tube, Uie flame is seen to 
change to blue, and on holding a piece of porcelain {e.g., a dish, or the lid of a 
porcelain crucible) into the flsAoe, a black mirror or deposit of metallic arsenic is 
obtained. Or the metal may be collected — by heatinff the glass tube throiigb 
which the arsenietted hydrogeo passes— m the form or a metallic ring, d, which 
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depoaita within the tube inunediatel; Iwhmd the apot where the glaaa il heated. 
The hjdnigeD >hould not be generated too nipidiT, if a good ring is to be obtained. 
The mirror may be drivBii on to bj grsdu^j moving the Q&me &om c 
towarda d. 

Sereral araenicsl mirron ma; be obtained if a long piece of narrow combus- 
tion tube. Fig. 14, be employed, which has been eontisoted in asreial plaoea by 




Fm. U. 






ine it out in the Oame of a blowpipe. Anenietted hydrogen le generated 
in lae tlaak, a, and paaeing through b, the dlring tube, c, and oombiution tube, d, 
innei from the drawn-out jet, where it can be burnt. The tube, d, u heated in 
one or in eerenl plaoea, just before the leTeral dnwa-out nurow parte. An 
aTMmical mirror 13 obtained a little behind the heated part of the tube,Ba leen in 
Fig. 14. liittle or no anenietted hydrogen need thua escape from the jet, 
eepraially if a alow current of hydrogen be generated. 

The deposition of areenic in the tnbe or on the cold porcelain 
arises from the decximposition of the arsenietted hydrogen, which, 
at a liigh temperatore, is broken np into arsenic, which is depoBited, 
and hydrogen, which paaaes on and bums at the jet, The decom- 
positioQ which takes place when a cold piece of porcelain is lowered 
into the flame, is readily ezpluned, if we remember what takes place 
when some cold poroehun is held in a candle or gas flame. We ob- 
tain a deposit of soot (finely-divided carbon from the hydrocarbons), 
because the combnstion is disturbed, and the temperature of the 
flame saddenly lowered. The flame can only bnm where it is in 
contact with air, i.e., on the oatside. The arsenietted hydrogen on 

Cing through the inner portion of the flame, is decomposed by the 
into arsenic vaponr and hydrogen gas; the latter escapes 
through the outer portion of the flame, and is bnmt, arsenic b«ng 
deposited on the cold porcelain snrface. The decomposition of 
anenietted hydrogen takes place, even if very little of the gas be 
mixed with much hydrogen f^, and l/iit teit — known as Sfarsh'a 
fed — w therefore extremely delicate. 
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It is of paramount importance that both zino and sulphurio acid Bhovld be 
tested first. This is done by generating hjdrogen, and allowing the gas to 
escape by itself for some time, throngh the combustion tube ignited in seTerai 
places. 

Care should also be taken to avoid introducing nitric acid, since anenietted 
hydrogen is readily decomposed by this acid. It is therefore preferable to dis- 
solve arsenical compounds in hydrochloric acid, with the addition of a few 
small crystals of potassic chlorate, and to heat gently till no more chlorous odour 
is observable. 

The metal antimony forms with nascent hydrogen a combnstible 
gas analogous to arsenietted hydrogen, called antimonietted hydrogen 
(antimonions hydride), SbHa. It is prepared by acting -with dilute 
sulphuric or hydrochloric acid upon an alloy of three atoms of sine 
and two atoms of antimony, thus : — 

SbjZua -h SSOjHoa = SSOjZno" + 2SbH3. 

Mixed with hydrogen gas it is obtained by introducing into a 
hydrogen apparatus a few drops of an antimony solution (SbClst 
SdOsKo, or tartar emetic). The hydrogen flame turns at once 
bluish-green, and white fumes of antimonions oxide, SbaOj, ascend 
into the air. The gas has no odour and is not poisonous.* On 
depressing a cold piece of porcelain into the flame, metallic anti- 
mony is deposited, and on heating the combustion tube, as in the 
case of the arsenic experiment, the gas is likewise decomposed into 
metallic antimony, which collects in the narrowed portions of the 
tube and forms a dull black mirror, and hydrogen, which escapes 
and can be burnt at the jet. 

Since both arsenic and antimony produce a metallic mirror, such 
mirror may be due to either metal or to a mixture of tbe two metals 
(in which case, however, the more volatile arsenic is deposited 
^rther away ft*om the flame, and a part of the antimony is found 
anterior to the spot where the glass tube is heated), and it is obvious 
that we must make further experiments in order to distinguish the 
arsenic from the antimony in the mirror itself. • 

This can be done very readily — 

Ist. By adding to the mirror obtained on cold porcelain a concentrated solu- 
tion of bleaching powder, or of sodic hypochlorite (ea« de JaveUe) ; or by simplj 
exposing the mirror to chlorine gas, evolved by treating a little bleaching powder 
with dilute hydrochloric acid : the arsenical mirror is speedily dissolved ; antimonj 
only after some lengthened exposure, thus : — 

Asa + eClNao » Aafii + 5NaCl. 

2nd. By passing a very slow current of dry sulphuretted hydrogen through 
the glass tube, containing the arsenic and antimony mirror, and applying a gentlf 
heat. The metals are converted into sulphides — arsenic into lemon-yeUow arse* 
nioui sulphide, and antimony into a black or partly orange-red antimonioitf 
sulphide ; and, if both metals are present, the two sulphides appear side by side ; 
the former somewhat in front or the latter, arscnious sulphide being the more 
volatile of the two sulphides. On passing next a current of dry hydrochloric 
acid gas without the apphcation of heat, antimonions sulphide disappear 
entirefy, being convertea into antimonions chloride, which volatilizes m the 

* The evidence on this point appears to be doubtful. 
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current of hydrochlorio aoid gas, and may be passed into water and tested hj 
means of snlphoretted hydrogen. Arsenious smphide remains nna£Pected, even 
if the hydrochloric acid gas be passed over it for some time. The residuary arse> 
niouB sulphide dissolves readily in hydric cunmonic carhonaUf OOHoAmo. 

Antimonietted and arsenietted hydrogen can moreover be distinguished from 
each other by passing a slow current of the mixed gases into a solution of 
argentic nitrate ; argentic oxide, acting the part of an oxidizing agent, converts 
arsenietted hydrogen into arsenious acid, thus : — 

AbHs + 6NO^o + 80Hs » Age + AsHos + 6NOaHo. 

Antimonietted hydrogen is not acted upon in like manner. The oxidation 
extends only to the hydrogen and not to the antimony, the metallic silver taking 
the place of the hydrogen, thus : — 

SbHs + dNGjAgo » SbAgs + SNG^Ho. 

The arsenious acid is separated by filtration from the insoluble SbAgg and 
Ag. On cautiously adding to the filtrate a dilute solution of ammonic hydrate, 
a yellow precipitate of trlarsentlc arsenlte is obtained, where the two layers 
of the ammonic hydrate and acid solution meet. 

The residue is boiled with a solution of tartaric acid, when the antimonious 
argentide is acted upon with formation of soluble antimonious tartrate (?), silver 
bcong left behind. Filter ; acidulate the filtrate with dilute hydrochlorio aoid, 
and pass sulphuretted hydrogen. An orange precipitate indicates antimony. 

QUESTIONS AND EXERCISES. 

1. Which are the most important natural compounds of arsenic ? 

2. Translate into graphic formulse the symbolic formulfls of realyar, orpiment, 

copper nickelf smaUine, nickel ochre. 

3. Adduce evidences of the triad and pentad nature of arsenic. 

4. What changes does metallic arsenic undergo when heated, 1st, by itself, in a 

current of a neutral gas (OOj or H) ; 2ndly, in contact with air ; 3rdly, 
in contact with chlorine ? 

5. How is metallic arsenic obtained from white arsenic ? 

6. How can arsenious compounds be distinguished in the presence of arsenic 

compounds P Q-ive several methods. 

7. What action has sulphuretted hydrogen upon an acid solution of arsenious 

and upon a solution of arsenic acid ? 

8. Eiprees by an equation the reaction which takes place when arsenious 

sulphide is dissolved ; Ist, in NaHo ; 2ndly, in SAm^ ; Srdly, in 
COHoAmo. 

9. What precipitates are produced when argentic nitrate is added to a neutral 

solution of an arsenite, or arseniate ? 

10. Why is triargentic arsenite, in an ammoniacal solution, converted on boiling 

into triargentic arseniate ? Express the change by equations. 

11. What is the action of magnesic sulphate in an ammoniacal solution (so-called 

magnesia mixture) upon arsenious and arsenic solutions ? 

12. Give a few instances of the reducing action of arsenious compounds. Ex> 

press the changes by equations. 

13. Explain the oxidizing action of chlorine, bromine, and iodine upon arsenious 

compounds. 

14. What takes place when metallic copper is introduced into a dilute hydro- 

chloric acid solution : Ist, of A83O3 ; 2ndly, of As^O^ (Reinsch's 
test)? 

15. Explain under what conditions arsenic, as well as arsenious compounds, act 

as oxidizing agents. G-ive examples, and express the changes by equa- 
tions. 

16. Explain why a portion of the arsenic only is liberated, when an arsenical 

sulphide is heated with potassic cyanide. €Kve equations. 
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17. Explain how the presence of free sulphur, or the presence of certain metallie 

sulphides influences the reduction of arsenical compounds hy potanic 
cyanide. Give equations. 

18. Explain the reduction of arsenical compounds hy nascent hydroeen (Marsh's 

testy, and show hj equations the formation of arsenietted hydrogen. 

19. What change does arsenietted hydrogen undergo : Ist, when burnt in the 

air ; 2ndly, when passed through a tube heated in one or more places ; 
Srdly, when passed into a solution of argentic nitrate ; 4fchly, when passed 
through concentrated nitric acid ? 

20. Explain the formation of antimonietted hydrogen and state — Ist, what pro* 

pertics arsenietted hydrogen has in common with antimonietted hydro- 
gen ; and, 2ndly, how it differs from the latter in its chemical depor^ent 
with argentic nitrate. 

21. How would you distinguish between an arsenic and antimony mirror ? 

22. State how arsenic can oe separated — 1st, from antimony, 2ndly, from tin. 

23. 1'2 grm. of finely divided gold has been obtained by boiling a solution of 

arsenious acid with auric chloride : how much AsaOs by weight did the 
solution contain? 

24. Calculate the percentage composition of ammonio magnesio arseniate, 

(AsOAmoMgo" + 6Aq.). 



4. GOLD^ An' and '". — Gold is generally fonnd native and is 
then readily recognised by its colonr, malleability, and physical 
character generally. Gold occurs in anything like considerable 
quantities in combination only with the rare element tellnrinm. In 
small quantities it occasionally accompanies metallic sulphides. 

EXAMINATION IN THE DRY WAT. 

Wben beated on charcoal witb sodic carbonate and borax in the 
reducing flame, gold compounds yield a yellow, very malleable 
globule of metallic gold. 

To detect sold in argentiferous minerals in which it is present only in minute 
quantities, and associated with large quantities of other non-rolatile metals, the 
powdered mineral is fused with borax and metallic lead, and the metallic button 
cupelled, as will be described under silyer. The globule of white metal which is 
lefl on the cupel is beaten out, and the silyer dissolved by digesting with a 
little nitric acid in a small porcelain dish. The argentic nitrate is poured ofi^ 
and the gold washed with dutilled water. The black insoluble resimie is onoe 
more fused on charcoal before the blowpipe, when it assumes the well-known 
appearance of fine gold. 

Old silver coins frequently contain a small quantity of gold, which, on dis- 
solving in nitric acid, is left as a black powder. 

When an insufficient quantity of silver is present in the button (which may 
be inferred from its pale-yellow colour), from two to four times its own weight 
of silver should be fused up with it, and the button so obtained beaten out and 
then treated with nitric acid in order to separate or " part ** the gold. — Method 
of eusaying gold. 

EXAMINATION IN THE WET WAT. 

Gt)ld wben unalloyed is soluble in aqua regta only, forming a 
SOLUTION OP AURIC CHIX)RIDE, AuCls, wbicb may be employed for 
studying the reactions in the wet way, 

SHa (sroap-reavent) gives from a cold solution a black preci- 
pitate of auric aalpklde, AllsSa, from a boiling solution, a brownish 
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i»A„»S". These precipi- 
tates are insoluble in hydrocldorio and nitric acids, but dissolve in 
aqua regia. They are likewise insoluble in normal amnionic sul- 
phide, but soluble, although with difficulty, in yellow sulphide, more 
readily in yellow sodio sulphide, with which they form a sulpho-salt, 
AnNass. 

SAma and SSONao2, same precipitate. 

EIHo or NaHo produces no precipitate. 

AmHo produces from a concentrated solution of auric chloride a 
reddish yellow precipitate of ammonlc aurate or fnlmlnating void, 

(NH,),Au203, = N^H^HoAu^' *^^® '~ 

2AUCI3 -h 8AmHo = (NH3)2Aua03 + 6AmCl -h 50H,. 

The detection of gold is attended with no difficulty, owing to 
the facility with which auric chloride is reduced to the metallic 
state. Grold has little affinity for non-metallic elements ; the com- 
pounds which it forms with them are readily broken up by heat 
alone, or on being brought in contact with bodies which have more 
affinity for the metalloids, leaving metallic gold in a finely-divided 
condition, as a brown powder, which acquires metallic lustre when 
dried and rubbed in a mortar. Hence in auric chloride we possess a 
powerful oxidizing agent, as we have already seen under tin, anti- 
mony, and arsenic. The same oxidizing action is called into play, 
when AUGI3 comes together with solutions of sulphurous and oxalic 
acids, ferrous sulphate, or chloride, cuprous chloride, dissolved in 
hydrochloric acid, mercurous nitrate, potassic nitrite, sugar in an 
alkaline liquid, and many other organic substances (e.g., the epider- 
mis) ; arsenietted, antimonietted, and phosphoretted hydrogen 
decompose AaCl3 likewise. 

The following equations express these changes :-^ 

(1) 2AnC\^ when ignited iplita up into Aus + 8GI3. 

(2) AugSs, „ „ „ Auj + 83. 

(3) 2A11CI, + 8SOH0S + 8OH3 ■■ 

(*) 2AUC1. H- 8{°0=° 

(6) 2AT1CI3 + GFeCls 

(6) 2AtiC1s i- eSOsFeo'' 

(7) 2AiiCl8 t SCUfCla 

(8) 2AuCl, + 8j3*Hgao" « Au, + 8^^*Hgo" + 8HffCl2. 

(9) 2AuCl, + 8NOK0 + 80Hs »> An, + 8NO,Ko + 6HC]. 

(10) 2AuCls + 2AsHs + 8OH3 « An, + SAsHo, + 6Ha. 

(11) 2AuCl, + SbHj = Au, + SbCl3 + 8HC1. 

In the analysis of a solution containing gold, as well as some 
other metals of Group II, precipitable by SH3, it is usual to first 



Au2 + SSOsHoj 


+ 6Ha. 


An, + 6CO2 


+ 6HCL 


Aus + SFeaCls 




Au, + Pe^Cae 


+ 2S2,03Fe,o^> 


Au, + eOuCl,. 
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remove the gold in the metallic state, hj boiling with oxalic and 
hydrochloric acids, before passing SH2. The precipitated gold is 
collected on a filter and fosed to a bntton on charcoal. 

Gold is precipitated from a hydrochloric acid solution of AuGlj 
by most metals, even by Pt, Ag, and Hg. 

QUESTIONS AND EXEECISES. 

1. How would you treat a silyer coin oontaimng a small quantity of gold, in 

order to extract this latter metal from it F 

2. How is AuCla prepared ? 

3. Describe how pure metallic gold is prepared from AuClg, in the wet way. 

4. Explain the change which AusSs undergoes, 1st, when gently heated in a 

bulb tube ; 2ndly, when heated in a tube open at both ends. 

5. What reaction takes place when AuCls is brought together with bodies 

which hare any latent bonds left ? Gire instances of such reactions and 
express the changes by equations. 

6. How can gold be separated from an alloy of Au, Ag, and Cu ? 

7. 9*37 grms. of a gold mineral, when treated with aqua regia and reduced bj 

FeClj, yield *63 grm. of metallic gold ; what is the percentage of gold in 
the mineral P 

8. How much chlorine gas, by weight and by volume, can be obtained by the 

ignition of 1*25 grm. of A11CI3 ? 
9* What action takes place when a piece of gold is suspended from the poaitire 
electrode in a bath of AuCls, metallic copper forming the negative elec- 
trode P Explain the process of electro-giloing. 



5. PLATINUM, Pt" and »\— This metal is found native, 
but more frequently alloyed with other metals. It is characterized 
by its infnsibility before the blowpipe, and is not acted upon 
by the usual fluxes. It can, therefore, only be examined in the wei 
way. 

Unalloyed platinum is not attacked by either nitric, hydrochlonc, 
or sulphuric acid, but by aqua regia, with formation of platinic 
chloride, PtCU. A solution of this salt is employed for atadying 
the reactions of platinum. 

SH2 (irroup-reasent) produces slowly a dark brown precipitate of 
plKtlnlc dlsulptalde, PtS-^. On heating, the precipitate forms quickly. 
It is insoluble in nitric or hydrochloric acid, soluble in aqua regia ; 
difficultly soluble in normal ammonic salphide, more speedily in 
yellow sulphide, with which it forms a sulpho-salt, PtSAmsi. 
Heated out of contact with air, it is decomposed into "Pt"S and S. 

SAms, same precipitate. 

PtCli is interesting on accoant of the compounds which it forms 
with the chlorides of the alkali metals (and with the chlorides of 
many organic bodies, e.g., the so-called alkaloids, such as quinine, 

nicotine, etc.). 

AmCl produces a light yellow crystalline precipitate of mauMMde 
platinic chloride, 2AmCI,PtCl4. From dilute solutions a precipitate 
is obtained only after evaporation to dryness on a water-bath. The 
precipitate is somewhat soluble in water, insoluble in alcohol. 



REACTIONS OF PLATINUM. 91 

KCl produces a yellow crystalline precipitate of potaasle pUUlnlc 
ekl«rlde, 2KCl,PtGU, analogous in its appearance and properties to 
the precipitate just described. 

NaCl forms with platinic chloride a doable chloride, which is, howeTOTi 
soluble in water, and is obtained in needle-shaped crystals only after considerable 
evaporation. 

The precipitate produced by platinic chloride with AmCl and 
KCl serves for the detection and isolation of platinum, and vice versd, 
for the detection of ammonium or potassium compounds. (Comp. 
Chapter II). 

Platinum is capable of forming a lower chloride, viz., platinous 
chloride, "PfCU, in which the platinum acts as a dyad. This salt 
is obtained by heating the platinic chloride for some time in an air- 
or oil-bath up to 204^ C, as long as any chlorine is evolved ; or by 
acting with sulphurous acid upon a solution of platinic chloride, 
until the latter ceases to give a precipitate with ammonic chloride. 
PtClj is a greenish-grey powder, insoluble in water, but soluble in 
hydrochloric acid. 

Several reactions in the wet way for platinum are based upon 
the power, which its salts possess, of oxidizing other bodies which 
have some bonds left unsatisfied ; but as platinic salts are not so 
easily reduced as gold salts, a solution of the latter metal is generally 
preferred. After what has been stated under gold, the following 
reactions will be readily understood : — 

PtCli produces with SnCU only a dark brownish-red colour, 
owing to the reduction of the platinic to platinous chloride. 

PtCU is reduced by S02Feo" only after long-continued boil- 
ing. 

r H 

PtCU is reduced to platinum by formic acid, < noHo' ^^ heat- 
ing, if the free acid be neutralized with sodic carbonate. 

Metallic zinc precipitates metallic platinum. 

It is obvious that platinous chloride could act as a reducing 
agent, but it is rarely employed for this purpose. 

Whenever platinum and gold are contained in a solution, together 
with other metals of Group II, precipitable by sulphuretted hydrogen, 
it is preferable to remove the gold, by means of oxalic acid (which 
docs not reduce platinic chloride), before removing the platinum by 
evaporation with ammonic chloride. 

QUESTIONS AND EXERCISES. 

1. How is platinic chloride prepared ? Qive an equation. 

2. How much metaliio platinum is left when two grros. of PtSs are strongly 

ignited in a porcelain crucible ? 

3. Howjnuch Pt wul be left, when 1'6 grm. of 2AmCl,PtCl4 is ignited ? 

4. Calculate how much potassic platinic chloride ought to be obtained from 

•521 grm. of KCl. 

5. How is platinous chloride prepared ? 
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8epa/ration of the metals arsenic^ cmtimony^ cmd tin, whose sul- 
phides are soluble in yellow ammonic sulphide , or in sodic hydraie. 

The precipitate produced by the gronp-reagent, is solnble in 
yellow ammonic sulphide, or in sodic hydrate, and may consist of 
three sulphides. If the precipitate be of a dark-brown colour, it 
may be inferred that stannous sulphide is present. If it be of a 
fine lemon-yellow colour, the presence of arsenious or stannic snl- 
phide may be inferred, if orange-coloured, antimony should be 
looked for. 

The three sulphides are unequally soluble in hydric ammonic 
carbonate. AS2S3 dissolves freely, S11S3 yery slightly, and Sb^Ss 
is insoluble. On digesting, therefore, the precipitate with 
COHoAmo, and filtering, arsenic is obtained in the filtrate, and 
antimony and tin are left in the residue. In order to separate the 
remaining two metals, the antimony is converted into antimonietted 
hydrogen, — tin does not form a gaseous compound with hydrogen. 
For this purpose the two sulphides are dissolved in hot hydrochloric 
acid, and the solution of the mixed chlorides introduced into a 
Marsh's apparatus. Antimony is detected by the metallic deposit 
which antimonietted hydrogen gives on porcelain, insoluble in ClNao. 
Tin is found in the generating^ flask as a powder. The greyish black 
metal is removed from the undissolved zinc, dissolved in hot hydro- 
chloric acid (by the aid of a little platinum foil), and the solution 
tested with mercuric chloride. A white precipitai<e of mercurons 
chloride, HgaCU, indicates the presence of tin. 

The separation of arsenic, a/ntimony, and tin, may thus he hosed 
upon — 

1. The solubility of A82S3 in hydric a/mmonic carbonaie, 

2. The formation of antimonietted hydrogen. 

3. The precipitation of tin by metallic zinc. 

A tabular scheme, embodying this method of separation, will be 
found in Table II in the Analytical Tables at the end of the book. 

Several other methods of recognizing and separating the metak 
tin, antimony, and arsenic, will readily suggest themselves. The 
student should draw up tabular schemes, embodying the following 
five methods. 

A method of separation of As, Sb, and Sn, may be based npon: — 

1st. The oxidation of ASaS,, SbgSs, and SnS by concentrated 
nitric acid ; and the conversion of the three oxides (by fosion with 
caustic soda in a silver crucible) into sodic metantimoniate, arseniate 
and siannate. 

2nd. The insolubility of SbOsNao in cold water and alcohol 
(AsONaos and SnONaos being soluble). 

3rd. The conversion of AsONaoj and SnONaos into ASaSi and 
SnS, by means of sulphurous acid and sulphuretted hydrogen. 

4th. The volatility of ASaSa, when heated in a current of dry 
SHa gas, SnS being non- volatile. 

5th. The absolution of the volatilised AflaSs in a solution of 
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Bodic hydrate, oxidation hj chlorine and precipitation as 
AsOAmoMgo". 

6th. The conversion of the non-yolatile SnS into SnOa hy 
ignition in air. 

Another method is based upon : — 

1st. The precipitation of arsenic and antimony in the form of 
snlphides, by boiling a hydrochloric acid solntion of the three metals 
-with sodic hyposnlphite, tin remaining in solntion. 

2nd. By boiling the precipitated ASaSs and SbaSs with hydric 
potassic sulphite and snlphnrons acid ; ASaSa is converted into 
potassic metarsenite. SbjSs remains undissolved. 

A third method consists in : — 

Ist. Removing the ASaSs, by boiling with hydric sodic sulphite 
and sulphurous acid ; the other two sulphides are not dissolved. 

2nd. The oxidation of the undissolved SbjSs and SnSa with 
concentrated nitric acid and boiling with tartaric acid; Sb|04 is 
soluble, S11O2 remains undissolved. 

A fourth method of recognizing arsenic, antimony, and tin, is 
based upon : — 

1st. The introduction of a solution (in HCl and KOsGl) of the 
three sulphides into a hydrogen apparatus, and passing the evolved 
arsenietted and antimonietted hydrogen through a solution of 
argentic nitrate ; the tin remains behind precipitated on the zinc. 

2nd. The solubility of the precipitated SoAgs in tartaric acid, 
and precipitation of the antimony by means of sulphuretted 
Hydrogen from a hydrochloric acid solution. 

3rd. The precipitation of the AsAgOs from the argentic nitrate 
solution by means of ammonia. 

A fifbh method of recognizing the metals of Ghroup 11b, depends 
upon: — 

1st. The insolubility of ASaSs in strong hydrochloric acid, SbaSa 
and SnSa being dissolved. The presence of arsenic is confirmed by 
fusion with potassic cyanide and sodic carbonate. 

2nd. The precipitation of the antimony on platinum by means of 
a strip of metallic zinc ; a black stain indicates antimony. 

3^. Dissolving the tin precipitated on the zinc in warm dilute 
hydrochloric acid, confirming it by means of mercuric chloride. 

PEAOTICAL EXEKOISES AND QUESTIONS ON GROUP IIb 

1. Sulphnxetted hydrogen produces a fine yellowpTecipitatei a portion of which 

IB soluble in yellow ammonio sulphide. "Wnat inference would you draw 
from this, and how would you examine both the solution and the residuary 
yellow sulphide ? 

2. Describe several methods for separating As from Sb. 

8. Examine some green paper-hangings for As (Scheele's green). 
4. Test a sample of commercial hydr^shloiic acid for As and Fe. 
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5. Separate 'As from Sn in a solution of SnCl2 and Ab^Os, containing *500 grm. 

of Sn, and '020 grm. of As. 

6. Analyse ft solution containing '010 grm. of As and '100 grm. of Sb, by con- 

verting the two metals into the respective hydrogen compounds. 

7. You have given to you a hydrochloric acid solution containing '200 grm. of 

Sn and '020 grm. of Sb ; also a strip of zinc and a piece of platinum foiL 
Describe how you would separate the two metals. 

8. Test a sample of iron pyrites^ TeS^, for arsenic, in the dry and in the wet- 

way. 

9. A precipitate consists of Sb^Sj and As^Sj. Describe different methods 

of aimlysis, and state the possible causes of error inherent uppn each 
method. 

10. Analyse a mixture of Sn02 and Sb204, both in the dry and wet way. 

11. You have given to you a solution, containing potassio arsenite and arseniaie. 

State how you would identify the two oxides of arsenic in the presence of 
each other. 

12. Test^ solution of stannic chloride for stannous chloride. 

13. How can you detect traces of antimonic chloride in a solution of antimonious 

chloride ? 

14. What are the changes which Ab^S,, Sb^s and SnSs undergo, when they 

are treated with concentrated nitric acid and when the products of the 
oxidation are fused with caustic soda ? 



Chapter VI. 

REACTIONS OF THE METALS OF GROXTP L 

This group comprises the metals silver, lead, and mercurt in 
the form of mercnrons compounds, which are precipitated bj dilate 
hydrochloric acid. 

1. SILVER, Ag'. — This metal occurs naiive; also as sulphide 
in silver glance, SAg^, and in combination with antimony, as sulpho- 
salt in trisulphargentic orthosulphantimonite, or dark red silver ore 
(pyrargyrite), SoAgSs; with arsenic as trisulphargentic sulphar- 
senite, in prcmstite, AsAgSs ; as chloride, AgCl, in horn gilverf and 
other ores. 

EXAMINATION IK THE DRY WAT. 

Place a small quantity of powdered stiver glance towards the 
middle of a hard glass tube (combustion tubing of about ^ inch 
internal diameter, cut with a sharp file into lengths of 5 to 6 inches, 
answers best). Heat the powder gradually by moving the tube 
about in a Bunsen gas flame, and lastly, heat it strongly towards the 
centre. By holding the tube in a slightly slanting position, a current 
of air is made to pass over the ignited sulphide ; the sulphur becomeB 
oxidized and is carried off as sulphurous anhydride, readily recog- 
nisable by its pungent odour. Metallic silver is left, together with 
a little argentic sulphate. 

Other volatile bodies, such as antimony, arsenic (selenium and 
tellurium), which are frequently present in pyritical silver ores, are 
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likewise oxidized, but are, to a great extent, deposited as A8203 and 
SbjOs, in the oool part of the tube. 

Mix a little of the finely-powdered silver glance (or of the roasted 
ore) with sodic carbonate, and heat upon charcoal under the re- 
ducing flame of the blowpipe. A globule of bright metallic silver 
is left, which is, however, almost invariably contaminated with a 
little carbon. 

Silver ores which contain no other fixed element but silver, are 
reduced on charcoal to the metallic state by a simple fusion with 
sodic carbonate. Antimony and arsenic, if present, are readily vola- 
tilized as metals, before the reducing flame. The sulphur combines 
with the alkali metal. 

Silver ores which contain non- volatile metals, such as copper, 
iron, etc., as in argentiferous fahl ore, and from which the metal 
silver conld not be eliminated before the blowpipe flame, are treated 
in the following manner : — 

Mix 'lOO grm. of the finely-powdered ore with its own bulk of 
ponnded borax glass ; wrap it up in a small piece of assay lead ;* in- 
troduce it into a cavity, niade in a good piece of charcoal, and fuse 
ander the reducing flame of the blowpipe, at first gently, and after- 
wards more strongly. The heat is. kept up till the whole mass has 
resolved itself into a metallic button and a clear glassy borax bead, 
which does not adhere to the charcoal. Should the metallic button, 
on cooling, present a dull grey surface, indicative of the presence of 
antimony, it is next heated in the oxidizing flame, until, on cooling, 
it shows a bright, somewhat prismatic surface. It is then detached 
from the borax, cleaned by a blow with a hammer and carefully 
cnpelled on some bone-ash (tricalcic phosphate, P208Cao"3), pressed 
into a shallow cavity in a piece of charcoid, the surface being made 
smooth and thoroughly concave with the round end of a pestle. The 
button is thoroughly fireed from borax, placed in the cupel and 
heated in the oxidizing flame. The lead is oxidized and absorbed by 
the porous bone-ash, forming a mass of fused litharge around the 
metallic bead. If one cupellation does not yield a brilliant white 
globule of silver, t.e., if the copper has not been entirely removed — ^a 
fact which is indicated by a black colour, instead of the pale yellow 
colour of the litharge, in the cupel — the cupellation of the button 
must be repeated in a fresh cupel, and the button, if necessary, 
re-melted with a small quantity of assay lead. The silver not being 
an oxidizable metal, is obtained in the metallic state. 

Snudl qua/niUies of silver nrnst he separated from lead (as well as 
from other metals), hy cv/pellation. 

Fuse some finely-powdered a/rgentiferous galena^ PbS,SAg2 (or 
FbAg82), on charcoal before the reducing flame of the blowpipe. 
either alone or with sodic carbonate. A bead of an alloy 
of much lead and very little silver is left. Expose this 
bead on a small cupel (Fig. 15) to the oxidizing action 
of the blowpipe flame. The lead is oxidized and absorbed ^<>* ^^• 
by the cupel, metallic silver being left. 

* Lead free from dlyeri prq)ared from plumbic acetate. 
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Dried AgCl is mixed with dry C0Nao2, in a small mortar, 
transferred to the charcoal and heated in the reducing flame of the 
blowpipe. A button of metallic silver is left, thus : — 

2AgCl + CONaoa = 2NaCl + COa + + Ag,. 

REACTIONS IN THE WET WAl. 

For the reactions of silver in the wet way we employ a solution 

OF ARGENTIC NITRATE, NOaAgO. 

HCl (ffroup-reasent), and soluble chlorides (NaCl, etc.)» give a 
wMte cwrdy precipitate of argentic cbloride, AgCl, which tams 
violet on exposure to light. The precipitate is insoluble in water 
and dilute acids ; slightly soluble in concentrated nitric and hydro- 
chloric acids ; r^ily soluble in ammouic hydrate, potassic cyanide, 
and sodic hyposulphite; soluble also to a perceptible extent in 
concentrated hydrochloric acid and in saturated solutions of alkar 
line chlorides, more particularly when heated, whence the dis- 
solved argentic chloride is, however, reprecipitated on dilation 
with water. 

Clollect the precipitated AgCl on a filter and dry oyer a sand-bath. Fuse a 
portion of the dried salt in a porcelain crucible over a small gas-flame. The 
white powder fuses ; it undergoes a mere physical change, and leaves on cooling 
a hard mass, called horn nlver. 

Place a small piece of zinc on the fused horn #i7wr, and add a drop of dilate 
hydrochloric acid and a little water. A voltaic action is set up between the 
metallic zinc and silver. The zinc removes the chlorine and leaves the metallic 
silver. The same action takes place when the white curdy precipitate of argentie 
chloride is brought in contact with strips of metallic zinc. 

This forms a convenient method of recovering silver from silver residues. 

NaHo or KHo precipitates argentic oxide, OAgs, in the form of 
a hrmon powder, which, on strong ignition, gives off oxygen, and is 
converted into metallic silver. 

AmHo, when gradually added, precipitates argentic oxide, readily 

soluble in excess. « a /. 

SHa precipitates hlack argentic sulphide, SAg2, from acid solu- 
tions ; insoluble in dilute acids, in alkalies, alkaline sulphides, and 
potassic cyanide ; readily soluble in dilute boiling nitric acid, with 
separation of sulphur. 

SAma (or any soluble sulpiiide) precipitates from neutral solu- 
tions hlach aiventlc sulphide. 

HI or KI gives a yellomsh precipitate of arsentic iodide, Agl, 
insoluble in dilute nitric acid ; almost insoluble in ammonic hydrate 
(distinction between AgCl and Agl). 

HBr or KBr gives yellomsh white curdy precipitate of arsentie 
bromide, AgBr, insoluble in dilute nitric acid; difficultly soluble 
in ammonic hydrate ; readily soluble in potassic cyanide, or sodic 
hyposulphite ; decomposed by concentrated hydrochloric acid, with 
evolution of bromine vapour and conversion into AgCl. 

HCy or KCy gives a white curdy precipitate of arseatlc cjaalde, 
AgCy, soluble in excess of the reagent ; insoluble in dilute nitric 
acid ; soluble in ammonic hydrate, but reprecipitated by dilute nitric 
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acid ; soluble in sodic hjposnlpliite. The precipitate is decomposed 
\yj ooncentrated boiling nitric acid; it is decomposed also when 
Heated by itself in a porcelain crucible, to pa/racyanide, metallic siLyer, 
cuad cyanogen gas (distinction from AgCi, Agl, and AgBr). 

Place a bright and clean strip of copper into a solution of 
argentic nitrate. The copper becomes rapidly covered with a 
lustrous coating of metallic silver ; and the solution, after a time, 
gjives no more precipitate with hydrochloric acid. The silver is 
deposited on the copper in the metallic state, and the solution 
contains now NsO^Cuo" : an equivalent quantity of copper (63'5 
by weight of copper for every 216 of silver) having been dis- 
solved. 

Place a small globule of mercury into a concentrated solution of 
ar^ntic nitrate on a watch-glass. The globule of mercury becomes 
vapidly covered with a crystalline mass, resembling some vegetable 
growth, termed a/rborescence. After a time the whole of the silver 
becomes removed from the solution, and the solution contains in the 
place of the argentic nitrate, mercuric nitrate, NaO^Hgo^^ Metallic 
silver is precipitat'Od and forms with the mercury an amalgam 
wrhich is crystflJUne. This crystalline mass is termed a siher tree 
(arbor DicMce), 

Strips of the metals Zn, Fe, Sn, Sb, Pb may likewise be employed 
for the precipitation of metallic silver. 

These cluuiges illustrate the action of the more electropositive 
metals upon solutions of less electropositive metals, induced by vol- 
taic electricity. They come under the third class of chemical changes, 
viz., displacement of one element by ctnotker element 

Take a clear solution of one part of grape sugar and 6 — 8 parts 
of distilled water, and a somewhat dilute solution of argentic 
nitrate. Heat the latter in a test-tube, nearly to boiling, and add 
tbe grape sugar solution. The liquid becomes at once turbid, and a 
greyish- white powder of metallic silver falls to the bottom; or a 
yellowish-white metallic deposit forms on the sides of the test-tube 
which, on rubbing with a glass rod, shows bright streaks of metallic 
silver. The metallic silver can be filtered off and ^ed on charcoal, 
before the blowpipe, to a brilliant globule. 

The cause of the reduction of the argentic salt must evidently be 
Boaght for in the grape sugar. We have seen that argentic oxide 
loses its oxygen readily on ignition. Certain organic substances, such 
as grape sugar, formic acid, and aldehyde, are known to combine 
eagerly witb oxygen, and the OAgs (in two molecules of NOtAgo) 
parts with its oxygen and yields a deposit of metallic silver. 

^This reaction has found an important practical application in the 
manufacture of looking-glasses, etc. 

The silver in the argentic nitrate is displaced by hydrogen from 
the organic bodies, nitric acid being left in solution, carbonic anhy- 
dride and water — the two ultimate products of oxidation of organic 
matter — ^being formed by the oxidation of the oraanic substances. 

Ignite a few crystals of argentic acetate, < oOAi?o^ ^ ^ covered 
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porcelain crucible. Heat gently at first, and strongly, as soon as no 
more fames are given off. A mass of frosted silyer is left, hftvini^ 
the shape of the original crystals. 

QUESTIONS AND EXERCISES. 

1. How is argentic nitrate prepared ? 

2. Why do HCl, HI, etc., precipitate silver from its solutions? 

8. What change takes place when Hlver glance is roasted in a tube ? 

4. How is Ag separated from Pb in the dry way ? 

6. Write out the equations for the reactions of silver in the wet way. 

6. Give the graphic formule for silver glance^ dark red «tftwr ofv, prouHUe^ and 

fahl ore, 

7. How much Nad will be required to convert 1*6 grm. of HO^Ago into 

AgCl? 

8. A dilute solution of hydrochloric acid (containing '00865 grm. of the aeid in 

one cubic centimetre of the solution) is precipitated with HOfAgo* 
How much AgCl by weight do we get from 150 c.c. of the acid soui* 
tion ? 

9. How much metallic copper is required to precipitate 1 grm. of azgentie 

nitrate? 

10. What is the percentage composition of argentic acetate, < no Aon' "^^ how 

much silver will be left when, when '451 grm. of acetate is ignited ? 

11. How is argentic nitrate converted into sulphate, and how much of the Utter 

salt can be prepared from 10 grms. of argentic nitrate ? 

12. What change does AgOy undergo upon ignition P 



2. LEAD; Pb" and *^. — Occurs in nature chiefly in combination 
with suLPHaB, as PbS", in galena ; also as carbonate, in lead $par 
or white lead ore, COPbo" ; as sulphate, in lead mtriol^ BOiPbo", in 

CO ' GO 

leadhUUte, £tQPbo"Pbo", and in lanarkite, qq Pbo"t ; as oxtchlo- 

S0.?^5!U 
BiM^inmendipUe, PbCl„2PbO, = CI— Pb— O— Pb— O— Pb— CI; as 

phosphate and oxtchlobidb, in jjyromorp Aiic, PjOiPbo'^f^Pb" V 

EXAMINATION IN THE DRY WAT. 

The principal blowpipe reaction consists in reducing lead com- 
pounds on charcoal to metallic lead, either by themselves, or in 
conjoncfcion with sodic carbonate, or potassic cyanide, and in the 
yellow incrustatiou of oxide which they yield, which disappears 
when heated in the oxidizing flame, imparting a blue colour to the 
flame. The change which takes place when galena is heated with 
sodic carbonate in a crucible, out of contact with air, is expressed 
by the equation : — 

7PbS + 4CONaoa = 4Pb + SPbNas, + SOJ^ao, + 400,; 

Fusible slag, 
but when heated in contact with air, or in the presence of six 



^fo^^^^^ 
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oxidizing agent, snoli as saltpetre, the loss of lead in the slag is 
avoided, thus : — 

PbNa^ + 70 + CONaos = Pb + 2SOaNao2 + COa. 

When galena is roasted in a glass-tube open at both ends, it is 
converted into SOjPbo", PbO and SO2, thus :— 

(1) PbS + 04= SOaPbo". 

(2) PbS + 08 = PbO + SOa, 

With borax and microcosmic salt, lead compounds give in the 
onter flame a clear yell-ovnsh glass (owing to the combination of the 
PbO with the boric or phosphoric acid, and formation of a sodio 
plumbic borate or phosphate), which is colourless when cold. 

All lead mineralB, especially the antimonial sulpho-salts, houlangerite, SbsPbtj, 
hommonite, SbsPb0",(Cu9S''a)/^ jamesonite, Sb4S8Pb8''Pbe''8, and arffenitferovs 
galema, contam more or less silyer, as may be ascertained by carefully cupelling 
the metallic button on charcoal (comp. Bilyer, page 95). 

The presence of antimony, arsenic, and sulphur reveals itself, when these ored 
are heated on charcoal (garlic odour and fumes of Ab^O^ or SbsOs), or in a glass- 
tube open at both ends (white sublimate, fumes, and odour of 80s). 

BEACTIONS IN THE WET WAT. 

For the reactions of lead in the wet way we employ either a 

SOLUTION OF PLUMBIC NITRATE, JIQ^Pbo", Or aCCtate^ < QQ ja^bo" ; 

most other plumbic salts being insoluble in water. 

HCl (sronp-reasent), or soluble cMorldes give, with a not too 
dilute solution of plumbio salts, a heavy white precipitate of plumbic 
Ckloride, PbCls, soluble in mi^ch cold water, readily in boiling 
water, from which the plumbic chloride crystallizes out, on cooling, 
in fine needles ; less soluble in solutions containing dilute hydro* 
chloric or nitric acid. Ammonia converts it into a basic salt, of the 
composition, PbHoCl (^plumbic cMorohydrate), — a white powder 
almost insoluble in water. 

NaHo or KHo precipitates plumbic hydrate, PbHoa, soluble iu 
excess of the reagent, especially on heating. The PbHoa must be 
viewed as acting the part of a weak acid, on combining with the 
strong alkali base. 

AmHo precipitates a white basic salt, insoluble in excess.. The 
precipitate forms only slowly in a solution of plumbic acetate. 

8Hs precipitates blaeJc plumbic sulpblde, PbS, from acid solu- 
tions. If a large excess of hydrochloric acid be present, the pre- 

(PbCl 
csipitate is reddish hroumy consisting of < S , (diphinMc sutpho* 

{ PbCl 
dicMoride). On diluting considerably with water, a black precipitate 
is obtained. 

BAnis, or soluble sulphides, precipitate likewise black PbS, in- 
soluble in dilute acids, alkalies, and alkaline sulphides. Plumbio 
sulphide is soluble in hot dilute nitric acid, plumbic nitrate being 

H 2 
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formed, with separation of sulphnr. Concentrated nitric acid con- 
verts it into S02Pbo'' ; the oxidation extends to the sulphur, as well 
as to the lead. 

S03Ho2, and soluble sulphates^ precipitate white plumbic svl- 
phate, SOaPbo", almost insoluble in water, especially in the presence 
of excess of dilute sulphuric acid ; insoluble also in cold dilute acids, 
soluble in boiling hydrochloric acid, from which plumbic chloride 
crystallizes out on cooling ; soluble in potassic hydrate, and, lastly, 
readily soluble in concentrated solutions of certain salts, such as 
sodic hyposulphite, ammonic acetate or tartrate, in the presence of 
excess of ammonic hydrate, from which solutions SO2H0S, SAm^ or 
Cr02Ko3, precipitate the l^hd again. Boiling with sodic carbonate 
converts BOjPbo" into insoluble COPbo". Plumbic sulphate sepa- 
rates from dilute aqueous solutions only on the addition of alcohol 
^(methylated spirit). 

CrOaKoj precipitates yellow plumbic chmmatc, CrOfPbo" 
(chrome yellow)^ readily soluble in potassic or sodic hydrate ; diffi* 
cultly soluble in dilute nitric acid, insoluble in acetic acid. 

C0Na02, as well g& COK03 and COAmos, give 9k white precipitate 
of a basic carbonate (white lead), of varying composition, usually 
considered to contain two molecules of plambic carbonate and one 

molecule of plumbic hydrate, viz., no^OPhH^^"^^" (triplumbie 

dihydraie diearhonate), insoluble in water and in potassic cyanide. 

KI gives a yellow precipitate of plumbic lo«14e, Pbli, soluble 
in excess of the reagent ; also soluble in much hot water, from which 
it separates, on cooling, in beautiful golden yellow scales. 

KCy precipitates white plumbic cyanMc, PbCy*, insoluble in 
excess, soluble in dilute nitric acid. 

Soluble phosphate*, arsenites and arseniates, tilieeftef, horatet, oxalates, iasT' 
trates, citrates, ferro- tmdferricyanides give precipitates -with plumbio salts, wbixdi 
are insoluble in water, but soluble in dilate nitric acid. These precipitates 
possess, howeyer, only a seoondaiy interest. 

Metallic iron or zinc precipitates lead from its salts. This is seen T617 
strikingly on dissolying a few ounces of plumbic acetate (suff<tr of leeu^ in di»> 
tilled water, with the addition of a little acetic add, and suspending in the 
solution a piece of sine from a thread. The nnc becomes covered with a 
beautiful crystalline deposit of metallic lead, which increases rapidly, if the solu- 
tion be left undisturbed, and acquires the appearance of a branch of a tree 
(arbor StUMmi), The metallic structure can be preserred for days in unaltraed 
beauty.' On remoTing iSie precipitated lead from the piece of zinc, the latter is 
found much corroded and considerably diminished in size and weight. The lead 
may be collected on a filter and washed with water, dried and fused in a emetble, 
under a covering of borax, to a bright metallic button. A quantity of zinc, 
atomically equivalent in weight to the precipitated lead (t.e., 65 parts by weight 
of zinc for every 207 of lead) must have dissolved, and is found in the solution^ 
in the form of zincio acetate. The atomic weights of Zn (65) and Pb (207) can 
be determined roughly, by weighing the metallic zinc, before and after immersion, 
as well as the precipitated lead. 

Heat a little red lead, PbgO^,* in a small porcelain crucible or in a test-tube, 

* The composition of oommeroial red lead is more correctly expressed by tke 
formula Fb40|. 
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to which a dehyeiy-tabe u attached. Oxygen gas is giyen off, which may be 
collected in the usual manner over water. The residue is dark yellow, and on 
eooling turns bright yellow. It consists of plumbic oxide, PbO (litharge), 
according to the equation : — Pb304 » SPbO + O. 

Treat a little Pbs04 with dilute hydrochloric acid in a test-tube, and heat 
gesiU.^. A neenish yellow gas comes off, and the red lead dissolves to plumbic 
ohlonde. dOie gas is readily recognized, by its odour, as chlorine : — 

Pbs04 + 8HCa » SPbCl, + CI, + 40H,. 

Treat another portion of red lettd with dilute nitric add. The red colouir 
changes to brown — ^the colour of plumbic dioxide, PbO^. The reaction is'ex- 
preaaed by the equation : — 

PbjO* + 4»0,Ho « ^^^^bo" + PbOa + 20H^ 

JLead can thus combine either with one or two atoms of oxygen to form PbO 
or P1>Os ; it can exist in the dyad or tetrad condition (Pb" and Pb^^) and red 
lead is obviously composed of two oxides, of Pb^^O] + 2PV0. The plumbic 
dioxide in red lead yiuds the oxygen. It is written graphically i^- 

Pto»^Pbo", « Pb/ \Pb//^ (Triplumbio tetroxide). 

The minerals plattnerUe, PbOs and nUnium, PbsO^, represent the cone- 
sponding natural oxides. 

It is erident from the aboye experiments, that lead occurs more frequently in 
the ^T'^ than in the tetrad condition. 

0O3HOS forms with PbOa a sulphate, oxygen being giyen off, 

FbOa absorbs sulphurous anhydride abundantly, forming SOjPbo''. 

HCl liberates chlorine from plumbic dioxide. 

JftjMiMit or red lead, and the brown plumbic dioxide are powerful oxidising 
agents. They furnish us likewise with ready means for preparing chlorine gas, 

QUESTIONS AND EXERCISES. 

1. Calculate the percentage composition of plumbic acetate. 

2. How much oxygen by weight and by yolume (at (f 0. and 760 mm.) can bo 

obtained from 80 erma. of red lead f 
8. Write out the symbolic equations for the reactions of lead in the wet way. 

4. £U>w can Pb be separate from Ag, in the wet way ? — 1st, by using hydro- 

chloric acid ; 2nd, potassic cyanide ; 8rd, sulphuric acid, as a precipitant. 

5. Giye graphic formuls for white lead, red lead, plumbic acetate, mAidipite, 

Slumbic ohlorohydrate, plumbic nitrate and cluromate, diplumhio sulpho- 
ichloride. 

6. How much HCl by weight will be required to decompose 10 grms. of red 

lead; and how much chlorine gas will be evolyed — 1st, by weight ; 2nd, by 
yolume at (f C. and 750 mm. pressure ? 

7. How would you separate Pb and Sb in type metal ? 

8. Describe how you would analyse an alloy of 6 parts ef lead, 3 narts of tin, 

and 8 parts of bismuth, a ao-^saJled fusible alloy meltins at 98 O. 

9. Calculate the percentage composition of Pb4Sb (type metal). 



3. MERCURY.— (Mercurosum) 'Hg'j. 

We employ A solution of mebcubous nitrate, j^Q^Hgao". 

HCl (sronp-reavvat), or a«liilile cMortdes, give a white precipi^ 
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tate of mercaroas cbloride, 'Hg'2Cla (calomel), which is insolable in 
dilute acids and is blackened by KHo or AraHo, the latter con- 
verts it into 'Hg'aO and mercurosammonio chloride, NH»'Hg'»Cl. 
Mercurons is converted into mercuric chloride by the addition of 
chlorine water. Concentrated hydrochloric add converts it, npon 
long-continned boiling, into HgCla and grey metallic mercury. 

Nitric acid oxidizes it readily into HgCU and ^Q^Hgo", with evoln- 

tion of nitrous fumes. Dry 'Hg'aClj sublimes unchanged. 

NaHo or KIHo gives a black precipitate of 
'Hg'aO, insoluble in excess. 

AmHo produces a black precipitate of liMle «lmei 
nitrate by the substitution of 'Hg'a for 2 atoms of hydrogen in two 
of Amo, tiius : — 

agg^Hgrf)" + 4AmHo = N,0,'HgV[^'Hg',0,]" 

Basio dixnerciuKMammomo nitnfte. 
+ 2NOaAiikO + 30Ha. 

The precipitate is insoluble in excess. 

SHa precipitates black merenroufl siilpld«e, 'Hg'iS, insoluble in 
excess or in dilute acids ; soluble in aqua regia or in yellow potasaio 
sulphide., When boiled with concentrated nitric acid, the second 

atom of mercury in 'Hg'aS is converted into ^Q*^S^"i ^^^ ^ white 

compound of mercuric nitrate and sulphide, tjo'oH^x^* ^ 

formed. 

SAma produces the same black precipitate. 

A clean strip of* metallic copper precipitates from mercoionfl 
solutions metallic mercury, cupric nitrate bemg left in solution. On 
gently rubbing the greyish deposit with a piece of wash-leather, the 
surface becomes bright and shining like silver. 2^ mors eiedro^ 
jposiUve metals, Ou, Cd, Zn, Fe, Pb, Bi, preoipitaie the lesi eileetro» 
positive metal Hg. 

SOHoa, SOaFeo^', or SnCU produces a grey precipitate of 
metallic mercury. On decanting the liquid and bomng the ffrey d^ 

¥>sit with hydrochloric acid, distinct metallic globules are obtained, 
he changes may be expressed thus : — 

J^^Hggo" + BOHo, + OH, = 2Hg + 2NO,Ho ^ BOjao,. 
sJJg'Hgao" + eSOjFeo" = 6Hg + 2(SO,)JPe,o^ + (NO,) JeK>^. 
Jg'Hgao" + BnCl, -h 2HC1 = 2Hg + SnCl* + 2N0iHo. 
Mercurons salts act thus the part of oxidimng ag&nU, when 
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coming in contact with more powerful reducing agents : a property 
which in conjunction with the reducing action which they exert under 
&voarable circumstances, proves clearly that the double atom 'Hg'a 
possesses but little chemical affinity for other elements, and that the 
compounds which U forms are rather unstable, 

QUESTIONS AND EXERCISES. 

!• Write out the graphic formulsB of calomel^ xnercurouB nitratei mercurous 
oxide, meTCorosammonic chloride, basic dimercurosammonic nitrate. 

2. Write ont eqaations for the reactions which mercurous compounds give in 
the wet way. 

S. How can mercurous chloride be converted into mercuric chloride? Give 
equations. 

4. How much calomel can be manufactured from 20 lb. of metallic mercury ; 

and how much SOjHos and NaCl by weight will be required ? 

5. Explain the action of metallic mercury upon mercurous nitrate. 

6. What is the action of boiling nitric acid upon mercurous sulphide ? 

?• In what manner can mercuric and mercurous chlorides be distinguished from 

each other by the reactions in the dry way ? 
8. State under what conditions mercurous salts play the part of oxidizing, or 

that of reducing agents. 

A method of separating the metals of Ghronp I vnll readily sug- 
gest itself, and a tabular analytical scheme may be drawn up without 
much difficulty, if we bear in mind : — 

1st. The solubility of PbClj in boiling water, 

2nd. The solubility of AgCl in Amfio. 

3rd. The conversion of the HgsCla into black HHa'Hga'Cl hy the 
acHon of AmHo. 

Table I in the Analytical Tables at the end of the book embodies 
this method of separation. 

PBAGTIGAL EXERCISES AND QUESTIONS ON GBOUP I. 

1. Test a sample of galena for silyer in the dry way. 

2. Analyse a sample of ruhy silver in the dry and in the wet way. 

5. 'YovL haye giyen to you some precipitated argentic chloride, dilute HCl, and 

a strip of metallic sine. How would you prepare pure metallic silyer P 
4. Analyse a solution, containing *010 grm. of Ae, as NOjAgo, '100 grm. of Kg, 
as Hj04Hgjo" and 010 grm. of Pb, as Nj04Pbo". 

6. Describe what takes place when a solution of argentic nitrate, containing 

about "010 grm. of Ag, is added to a hot saturated solution of £01. 

6. You haye giyen to you a mixture of red lead and calomel. What takes place 

when the mixture is treated with HOI ? 

7. Analyse a mixture (about '060 grm.) of white arsenic and corrosive svbUftu^i 

both in the dry and wet way. 

8. Test a commercial sample of baric chloride for lead. 

9. Teat a sample of «dA*<« lead paint for impurities, insoluble in dilute nitric 

acid, and examine the acid filtrate by the respectiye group-reagents. 
10. Prepare some pure HO^Ago from an alloy of copper and silyer. 
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Chapter VII. 
REACTIONS OF THE ACIDS. 

A. Inorganic Acids. 

CARBONIC ANHYDRIDE; COa.— OccurB in the atmosphero 
and in mineral Waters. In the combined state it forms a constitaent 
of many minerals, called carhonateSy which have for the most part 
been enumerated, in speaking of the natural compounds in which 
the different metals occur. 

REACTIONS IN THE DRT WAT. 

On ignition some carbonates undergo changes, others remain 
unchanged. The carbonates of the fixed alkali metals are not de- 
composed by the strongest heat. The carbonates of all other metals 
are decomposed more or less readily into oxides (or metals), carbonic 
anhydride (and oxygen) being given off. Baric and strontic carbon- 
ates require the strongest white heat for their decomposition ; calcic 
carbonate requires a strong red heat. All the others are readily de- 
composed on heating. The evolved carbonic anhydride is a colour- 
less and almost odourless gas, heavier than air, and can be poured 
fix)m one vessel into another. When poured or passed into a test- 
tube containing lime- or baryta- water, a white precipitate is ob- 
tained, owing to the combination of the carbonic anhydride with the 
caustic alkaline earthy bases. 

REACTIONS IN THE WET WAY. 

All normal carbonates may be divided into — 

Ist. Oarbonatee which cure soluble in waier^ consisting of the 
carbonates of the aJkaH metals and possessing an alkaline 
reaction. 

2nd. Carbonates which a/re insoluble in ioater^ a few of which are, 
however, soluble in carbonic anhydride, with fonnation of 
acid carbonates, such as the carbonates of Ba, Sr, Ga, Mg, 
Fe", Mn", but are reprecipitated on boiling. 

All carbonates are decomposed by dilute acids, — organic or 
mineral (with the exception of HCy and 8H2). The decompoai- 
tion is marked by strong effervescence and evolution of COa. (A 
few native carbonates, such as spathose iron ore^ and dclomite^ 
require the application of heat.) On passing the evolved gas into 
a solution of caustic lime or baryta, the carbonic anhydride becomes 
once more fixed, and the formation of a white precipitate (soluble in 
excess of the gas with formation of add carbonates) confirms the 
presence of CO2. 

Metallio tulphites, sulphides, and nitrites are likewise decomposed by dilate 
acids with eyolntion of a gas ; but the erolved 80t, SHf, or HjO] gases aiv 
readily recognised by their characteristic odour or colour. In order to recognise 
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00| in the presence of 80^ or 8H], the gaseous mixture is first passed into a 
lolation of an alkaline chromate mixed with an acid, or into hromine water, or a 
idation of a cuprio or ferric saLt, and then through lime- or haryta-water. 

QUESTIONS AND EXERCISES. 

L How would you prove experimentally the presence of carbonic anhydride, 
Iflt, in spring water ; 2nd, in atmospheric air ; Srd, in white lead ; 4th, in 
ooalgae? 

2. dassify all metallio carbonates according to their respectiye deportment, 1st, 

on ignition ; 2nd, on treatment witn water ; Srd, in contact with excess 
of OO). Gire examples. 

3. What change takes place when tartaric acid and hydric potassic carbonate 

are mixed together P 

4. Which is the most characteristic reaction for OO3 ? 

5. How would you recognize the presence of 00] in a gaseous mixture, contain- 

ing 80s And OOi, or 8H3 and OO3 ? 

6. How much OOi, by weight and by volume, can be obtained from 1*235 gnn. 

of OOCao" ? 

7. What change takes place, 1st, when a current of OO] is passed through cold 

water in which finely divided chalk is suspended ; and 2nd, when the 
liquid is heated to boiling, subsequent to the i>assing of the gas ? 

8. Explain the occurrence of OO) in mineral waters and in atmospheric air. 

9. Explain the effect of boiling upon most spring waters. 

10. What is the usual composition of boiler deposits, and how would you propose 
to prevent them ? (Comp. p. 17.) 



SULPHURIC ACID, SOaHo,.— This is one of the most 
powerfal acids, for it is capable of displacing, in the wet way (with 
few exceptions), all other acids from saline compounds. !U forms 
with bases a series of very important salts, — the snlphates, most of 
wMch haye already been enumerated in treating of the natural com- 
pounds of the various metals. 

REACTIONS IN THE DBT WAT. 

On heating a sulphate on charcoal, in the reducing flame, 
tog^ether with CONaoa (free from sulphate), sodic sulphide is 
'formed thus: — 

SOjMgo" + 2C -h CONaoa = SNa, + MgO + 3C0j. 

The fused mass gives off SHa, when treated with a strong 
add (HCl), readily recognized by its odour. When placed on a 
bright silver coin and moistened with a drop of water, it produces a 
black stain of argentic sulphide. This reaction applies, however, to 
all sulphur acids, without exception^ and it is impossible to prove 
thereby the presence of SOaHot any more than that of some other 
(lower) oxide of sulphur. 

Heated by themselves, the sulphates of the fixed alkalies and 
alkaline earthy metals, as well as of lead, are not decomposed. All 
other sulphates become decomposed more or less speedily on ignition^ 
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giving off sulplitiric or snlphnrons anhydride and oxygen, according 
to the nature of the metal, e.g. : — 

2S02Feo" = PCaOj + SO3 + SOa. 
SOjCuo" = OuO + SO, + O. 



BEAGTIONS IN THE WET WAY. 

A SOLUTION OF POTASSIG SULPHATE, SO2K03, may be employed. 

Solphnrio acid forms normal and acid snlphates, which are 
mostly soluble in water, the exceptions being baric, strontic, calcic, 
and plumbic sulphates. (A few basic sulphates are insoluble in 
water, but soluble in acids.) 

BaCla or NaOiBao" gives a white finely divided precipitate of 
barte siUphate, SOaBao", insoluble in dilute acids. Care must be 
taken not to have too much free hydrochloric or nitric acid present, 
lest any of the baric salts be precipitated : baric chloride and nitrate 
being much less soluble in strong acids than in water. J£ a veiy 
dilute solution of a sulphate has to be precipitated, the solution 
should be heated to boiling, and allowed to stand for some time 
. after the addition of the baric salt. 

This reaotioudistingaishes SOaHof from all other acids, except hydro- 
fluosilicic acid, 2HF,S1F4^ and selenic acid, SeOaHo^, which also form baric salts, 
insoluble in acids. 

Soluble salts of strontium, calcium, and lead produce white precipitates of 
Btnmtlc, calcic, and plumbic sulphates, which are more or less soluble in 
large quantities of water : SOjOao'' being the most soluble (in 600 parts of water), 
SOjSro^ dissolving in 9,000 parts of water, and SOsPbo" in 82,000 parts of 
water only. 

Since baric salts answer eyer^ purpose, recourse is rarely had to these 
reactions in order to detect sulphuric acid. The addition of alcohol (methylated 
spirit), ensures the complete precipitation of strontic, calcic, and plumbic sul* 
phates. Most soluble sulphates can, in fact, be precipitated trom their aqaeoai 
solutions by the addition of strong alcohol. 

In order to detect free sulphuric acid, by itself, or in the presence of a sulphate, 
the solution is evaporated to oryness on a water*bath, togeuier with a little cane 
su|;ar. A blackened or charred residue indicates /rsa sulphuric add, at no other 
aoid is capable of decomposing cane sugar in like manner. 

An insoluhle milphate can be decomposed by continaed boiling* 
with a concentrated solution of an alkaline carbonate : more readily, 
however, by fusion with alkaline carbonates (fusion mixture), into 
a soluble alkaline sulphate, and an insoluble carbonate or oxide of 
the metal, thus : — 

SOsBao" + CONaoKo =: 80,NaoKo + COBao". 
SOsPbo" + CONaoKo « SOJ^aoKo + PbO + CO.. 

The fiised mass is extracted with boiling water, and the insolnble 
carbonate or oxide separated by filtration«fram the soluble alkaline 
8ulphai;e# The residue is examined aa usual for baae, and the solu- 
tion fo^ sulphuric acid, by acidulating with dilute hydrochloric aoid 
(in order to destroy the excess of alkaline carbonates), and adding 
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baric cliloride. Calcic sulphate dissolves in ammonic snlphaie and 
a little AmHo ; plumbic sulpliate in ammonic acetate or tartrate, or 
in Bodic hyposulphite. 

QUESTIONS AND EXEBCISES. 

1. Classify all metallic salphates according to their solubility in water. 

2. How are metallic sulphates detected in the dry way P 

8. Explain the action of heat upon the different metallic sulphates. 

4. How is feee sulphuric add detected ? 

5. Describe shortly in what manner 80^ao'^ SO|Sro'', SOjCao'^ and 

80«Pbo" differ from each other with regard to their solubility in water, 
and their respeotiye deportment with various other solyents. 

6. How are insoluble sulphates examined qualitatiyely ? 

7. 1*648 grm. of a sample of sotUi-ash yielded '284 grm. of SO^Bao^' ; what is 

the percentage of sodio sulphate in the ash P 

SULPHUROUS ACID; SOHo,.— Obtained as gaseous an- 
hydride, 8O3, whenever sulphur is burnt in air or oxygen, or when 
metallic sulphides (^pyrites, blende, galena, eta), are roasted with 
free access of air ; also by the partial deoxidation of sulphuric acid 
by means of metals, such as Cu, Hg, Ag, of charcoal and various 
organic bodies, of sulphur, etc. The gas is readily soluble in water, 
forming sulphurous acid, which combines with Iwuses, and forms a 
aeries of salte, normal or acid, termed sulphites : compounds strongly 
cbikracterized by the tendency which they exhibit to absorb oxygen 
and to become converted into sulphates. This property causes 
sulphurous add, or metallic sulphites, to be of considerable inte- 
teoL 

BSAGTIONS IN THE DRT WAT. 

Sulphurous anhydride is recognized hj its characteristic odour, 
the odour of bumine sulphur. It combines readily with metallic 
peroxides, such as MnOt^ IHsOa, with formation of manganous and 
plumbic sulphates. In order, therefore, to remove oOa from a 
gaseous mixture, the latter is usually passed over PbOg. 

Many solid sulphites are decomposed by heat into sulphates and 
sulphides, thus : — 

4SONao5i = SSOJ^aoa + SNa,. 

The earthy sulphites break up, on heating, into oxides and sul- 
phurous anhydride. 

BBAOTIONS IN THB WET WAT. 

A SOLUTION or SODIO 8ULPBITE, SONaoa, may be employed. 

Sulphites are examined by liberating sulphurous anhydride by 
means of strong sulphuric or hydrochloric acid, the gas being readily 
recognized by its characteristic pungent odour. 

The only sulphites soluble in water are the alkaline sulphites. 
Normal baric, strontic, calcic,, and magnesic sulphites are insoluble 
in water, but are dissolved to a great extent, by a solution of sul- 
phurous acid, with formation of add sulphites, from which the 
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normal salts are reprecipitated on boiling. They are also soldble in 
dilute hjdrocliloric acid (with partial decomposition) ; but on the 
addition of an oxidizing agent, such as chlorine water, free iodine, 
sodic hypochlorite, nitric acid, etc., they are immediately precipitated 
as insoluble sulphates (S03Mgo'' excepted). 

Sulphites generally contain sulphates. A precipitate consisting 
of baric sulphate is,* therefore, frequently obtained on adding baric 
chloride to an acidulated solution of a soluble, or to a dilute hydro- 
chloric acid solution of an insoluble sulphite. 

On filtering ofE the precipitate, and adding chlorine water to the 
filtrate, a further precipitate is obtained, showing the presence of a 
sulphite. 

Tiaoes of Bulphurous acid are diBtinguished with diiBcnltj bj the odour alone, 
and it is pref erabloi therefore, to make use of the deoxidizing, at well as oxidiaog 
action which the acid can exert. 

1. Sulpkurous acid act9 eta a powerful reducing agent. 

HOsAgo gives with sodic sulphite a white precipitate of arsentle s«Iphite» 
BOAgOa, soluble in excess of the alkaline sulphite. The precipitate blackens on 
heating, owing to the sejMuration of metallio silyer, and conrersion of the SOHoj 
into SO2H0S, according to the equation : — 

BOAgo, + OH, = Ags + SO3H0,. 

N:i04Hg,o'' produces a greg precipitate of mecallie mereiUT, thus :— 

SOHgso" + OH, « Hgi + SO,Ho,. 

The instances 6f the reducing action of sulphurous acid are yery numeroiu ; 
we need only refer here to it^ action upon solutions of Andli, OiO,Ho,» 
FosOle, and others, already noticed under the respectiye metals. 

2. Under fayourable circumstances aulphurous acid acts aa an oxidiaing agemt^ 
especiallj when brought in contact with other more powerful reducing agents, 
such as nascent hydrogen, SH,, BnCl,, etc. Thus, by introdndug the least timoe 
of 8OH0,, or a sulphite, into a flask, in which hydrogen is generated horn one 
and hydrochloric acid, SH, is immediately eyolyed, together with the hydrogen, 
and may be recognized by its odour and action upon lead paper. The change it 
expressed as follows : — 

SO, + 3H, = SH, + 20H,. 

SO, and SH, giye rise to the formation of pentathionio add, with precipi- 
tation ot white sulphur, according to the equation : — 

rso,Ho 

6S0, + 6SH, » *^ S, -»- St + 40H,. 

[SO^O 
Pentathionio 
acid. 

Sulphurous acid added to stannous chloride in the presence of hydrochloric 
acid, gradually precipitates yellow SnS,. The hydrogen of the hydroehlorio 
acid acts as the reducing agent, and is detached from the chlorine by the simol- 
taneous action of the SnCl, and SO,^ the one eager to combine with chlorine, 
the other capable of yielding oxygen to the hydrogen, to form water, and ulti- 
mately sulphur, to form SH^ which in its turn acts upon the stannic chloride, 
8nCl4, (or SnCl^ to form yellow stannic sulphide, SnS^ (or brown SnS). 
The following equations express the changes : — 

(1) SOHo, •¥ SSnCl, -I- 6HC1 » 8SnCL| -I- SH, + SOH,. 

(2) SnCl^ -I- 2SH, - SnS, -l- 4HCL 

Yellow 
stannic sulphide. 
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QUESTIONS AND EXERCISES. 

1. Pesoribe different methods of preparing sulphuronB anhydride. 

2. How would you prepare normal and acid potassic sulphite ? 
8. liVliat is the action of heat upon sulphites ? 

4l Which sulphites are soluble and which are insoluble in water P 
ti. CHye illustrations of the reducing action of sulphurous acid or of soluble 
sulphites. 

6. Explain under what circumstances sulphurous add can act as an oxidizing 

agent ; giye instances of such action. 

7. How would you distinguish sulphurous in the presence of sulphuric acid ? 

8. What changes take place when a mixture of dipotassic dichromate and sodio 

sulphite is treated with concentrated HCl ? Give equations. 

9. How would you fix the sulphurous acid produced by the combustion of car- 

bonic disulphide contamed in coal gas ? 



HYPOSULPHTTROnS ACID, SSOHo, (aulj^ho-sulphuric 
cund), — ^This acid has never been obtained in the free state. Com- 
bined witb soda it forms an important salt, viz., sodic hyposnlphite 
(the hypo of the photographer), obtained by boiling a solution of 
Bodic snlphite with sulphur, or by the oxidation of an alkaline per- 
sulphide in contiict with the air. 

BBAGTIONS IN THE DBT WAT. 

All hyposulphites are decomposed on ignition. Alkaline hypo- 
sulphites leave a polysulphide and a sulphate, thus : — 

4(SSO]Srao2) = SftNaa + SSOaNao,. 

Others yield sulphites or sulphates, with evolution of sulphurous 
anhydride, owing to the oxidation of a portion of the sulphur, 

REACTIONS IN THE WET WAT. 

A SOLUTION OF SODIC HTPOSULPHiTE, SSONaoa, IS employed. 

Most hyposulphites are soluble in water (baric hyposulphite is 
difficultly soluble in cold water), and their solutions may, with few 
exceptions, be boiled without decomposition. Calcic hyposulphite 
is gradually decomposed on boiling, the precipitate consisting of 
calcic sulphate and sulphur. The same decomposition takes place 
more speedily when hyposulphites are treated with sulphuric or 
hydrochloric acid. Sulphurous anhydride is evolved with separa- 
tion of sulphur. The precipitated sulphur is yellow, and not white, 
as is nsually the case, when sulphur separates in chemical reactions. 
This chcmge characterises hyposulphites. 

The same instability of thg sulphur atom, occupying the place 
of an atom of oxygen in sulphuric acid,* is observed, when hyposul- 
phites come in contact with salts, whose metals form with sulphur 
insoluble sulphides. 

* Beoent inTestigations (Dent. Chem. Gee. Ber., yii, p. 646) render it pro- 
bable that the composition of hyposulphites is not SSOBos, but SOsBs,Bo (K <=> 
monad metal). 
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NOsAgo gives a white precipitate of argentle 
SSOAgch, Bohible in sodic hyposalphite, which speedily mnis 
yellow, then brown, and lastly black (SAga), especially on the 
application of heat, thus : — SS0AgO3 + OH3 = SAgs -f SOsHos. 

Mercurons nitrate and plumbic acetate give simiLur precipitates, 
which are decomposed by heat into HgjS or PbS, and smphnric 
acid. 

SnOli gives a brown precipitate of SnS. 

Hyposulphites, like sulphites, are readily oxidused, bat yield under 
certain conditions oxygen to more powerful reducing agents, and 
become thus oxidizing agents. 

Free ohlorinei sodic hypochlorite, fenio chloride, etc., oxidiie hypoeulphitfle 
completely to sulphatee, eyen in the cold, thus 1—- 

SSONao, + 4CI3 + 6OH3 » 2SOaHoNao + 8HCL 
SSONaos 4- 4ClNao + OH, » 2SOaHoNao + 4NaCL 

SSONaO] gives with FejCl^ at first a reddish-yiolet coloration (niFFiBixrcB 

BBTWBBN SULPHITES AND HTPOSTTLPHITBS), but on standing, the solution IB 

slowly decolorized (more rapidly on heating), with formation of FeCl^ thus : — 

SSONaO] -I- 4FesClfi + 6OH9 » 2SOsHoNao + SFeOt + 8ECL 

Nascent hydrogen reduces hyposulphites to sulphides, which erolre with the 
acid sulphuretted hydrogen : — 

SSONaos + 4iH, + 2H:a » 2SH, + dOHa + 2Naa. 

Sodic hyposulphite is a useful solrent for AgCl (hence its applicattonin photo^ 
graphy), HffaOl] and SOsPbo''. Calcic hyposulphite, SSOCao'', has also found 
an interesting application, as an agent for remoTing the last traces of chlorine in 
the bleaching 01 paper pulp, and from fabrics bleached br means of hleaekimg 
powder, to prerent their deterioration by the traces of chlorine which thej are 
apt to retain. It has on that account receiyed the name of atUieklor. The fif«e 
hydrochloric acid which is formed in the reaction is neutralised by passing the 
fabrics through a weak alkaline bath. 

The property of sodic hyposulphite of dissolvins AgCl has found an important 
metallurgical application in the remoral of silver from poor argentiferous ores, 
after they have undergone the process of roasting with common salt, which oon* 
▼erts the silrer into AgCl, insoluble in water. 

Besides the three oxygen acids of sulphur just described, there 

f sOftHo r ®^*^® 

are others, such as dithionie* < ari^ 1 trithionic, < S , Mro- 

(SO^o '\sO,Ho 

rsOaHo rsOjHo 

ihioniCf < Ss aad pentathwwie acidt^ < Si , which oocor but 

tSOjHo tSOaHo 

rarely, and resemble one another considerably in their reaotions. 
Their consideration must be reserved for a more extensive course of 
study. 

QUESTIONS AND EXERCISES. 

1. How is sodic hyposulphite prepared ? 

8. How would you prepare urrous, alumioio, ohromio, aod ma&gMioiit hypo- 
sulphites? 
8. How are hyposulphites affected by ignition P 
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4. Wbat change takes place, when a solution of calcic hyposulphite is boiled, 

1st, by itself, 2na, when it is treated with HCl ? 
6. Explain the action of sodio hyposulphite upon plumbic, argentic, mercurous 

and stannous salts. 
6. Qire instances, 1st, of the reducing action, and 2nd, of the oxidizing action 

of hyposulphites. 
7- Explain the term antichlor, 

8. State what application sodic hyposulphite has found in photography and in 

metallurgy. 

9. Qire graphic formuUd for sulphosulphuric, dithionic, trithionic, tetrathionio 

and pentathionio acids. 
lO. How would you separate baric hyposulphite from baric sulphate ? 



HTDROSTTLPHURIC ACID^ SH,. —Obtained as a oolonr- 
less gas hj the decomposition of certain metallic sulphides, such as 
7eS, ZnS, SbsSs, by means of snlphnric or hydrochloric acid. It 
is characterized by a most fcetid odour, resembling that of rotten 
eggs. It is absorbed by cold water, forming sulphuretted hydrogen 
water or hydrosulphuric acid, which reddens blue litmus-paper 
feebly. Hydrosulphuric acid exchanges its sulphur for the oxygen 
of most metallic oxides, both in the dry and wet way, forming water 
and metallic sulphides. It is on this account a most valuable re- 
af^nt. Many of the native sulphides, e.g,, iron pyrites^ galena^ 
eituidbarf zinc blende, are met with in vast masses. 

BEACTIONS 15 THE DRY WAT. 

Metallic sulphides are acted upon in various ways, when sub- 
mitted to heat. Some are decomposed, when heated in a close vessel, 
into metal and sulphur, e.^., Au^Ss; some sulphides, such as 
FtSs, FeS,, SbsSft, SnS,, PbS yield up a portion of their 
sulphur and are reduced to PtS, Fe,S4, Sb,S,, 8nS, Pb,S; 
others sublime without decomposition, such as ASgSs (orpiment), 
HgS (cinnabar). The greater number of metallic sulphides remaini 
however, undecomposed, when heated out of contact with atmo- 
spheric air. 

Most sulphides undergo a change, when roasted in a tube open 
at both ends. SAgt leaves metallic silver (usually also a little 
SOsAgOs), the sulphur by combining with oxygen, passes off as 
80) ; some sulphides leave a metcdlic oxide, e.g., 8nS, Sb^Ss, 
BiflSs; others again, such as the sulphides of the alkalies and 
alkaline earthy metals, are converted into sulphates. Plumbic 
Eulphide (galena) is converted into a mixture of oxide and sulphate; 
cupric sulphide, when roasted at a high temperature, yields SOs 
and GaO ; at a lower temperature SOsCuo". FeS and other sul- 
phides of the iron group are partially converted into sulphates, 
which on the application of a stronger' heat, lose their acid, leaving 
metallic oxides. Many native metallic sulphides are distinguished 
for their metallic lustre, such as iron and copper pyrites, galena, grey 
aniimony. The presence of a metalhc sulphide cannot, however, be 
inferred condosively from the evolution of SOs, sinoe earthy sul> 
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phites are broken up, on ignition, into oxides and salphnrons 
anhydride. 

REACTIONS IN THE WET WAT. 

Alkaline and aXhaUne earthy sulphides are soluble tn waier (CaS 
and MgS are only sparingly soluble). Dilute hydrochloric acid 
decomposes them readdy into metallic chlorides and SHj. AU other 
sulphides a/re insoluble in water. Several of the latter, such as FeS, 
MnS, ZnS are decomposed by dilute hydrochloric acid with eYola- 
tion of sulphuretted hydrogen. Others require concentrated hydro- 
chloric acid, such as NiS, CoS (difficultly soluble), Sb,S„ SnS,, 
PbS. Sulphides which are insoluble, or difficultly soluble, in concen- 
trated hydrochloric acid, such as BiaSs, CuS, SAgj, PbS, As,Si, nre 
decomposed by concentrated nitric acid ; they are generally oxidised 
into sulphates — at first with separation of sulpbur which, by pro- 
longed digestion, is for tbe most part converted into sulphuric 
acid. Others, such as HgS, PtSj, AOaSs. (AS2S3) dissolve in aqua 
regia, or hydrochloric acid and potassic chlorate, with separation of 
sulphur and formation of SOzHoj, and of a metallic chloride. On 
dissolving PbS, SnSj, SbsSa, ASaSs, in concentrated nitric, instead 
of hydrochloric acid, they are converted principally into SOiPbo", 
8n0„ Sb204, A83O5. 

To detect SHa (in a/n aqueous solution) or a soluble sulphide (a 
solution of S Ama may be conveniently employed), add a solution of a 
salt of cadmium, lead, or silver, which gives by double decomposition 
a characteristic precipitate of a metallic sulphide : fine yellow for 
cadmium, black for plumbic or argentic salts. 

To analyse a sulphide decomposable by hydrochloric add^ the 
evolved sulphuretted hydrogen gas is made, to act upon lead paper 
or is passed through a solution of a plumbic salt. (Iron pyrUes^ 
FeSa, and copper pyrites, Ca2S,Fe2Ss, give off SHa only in the 
presence of hydrochloric acid and zinc). 

Sulphides which are not decomposed by hydrochlorie acidf yield 
sulphur on treatment with nitric acid or aqua r^ia, and must be 
recognized by this and the products of decomposition, such as 
SnOa, SOiPbo", as well as the reactions which they give, when 
examined in the dry way. 

Mt&ny natiye Bulphidesi such as fahl ore, etc., are expeditiously examined by 
heating the finely-powdered mineral in a hard glass tube, in a cumnt of diy 
chlorine gas, when the metals are oonrerted into chlorides and the sulphur into 
volatile cmoride of sulphur, which is decomposed on being passed into water. 

To detect a soluhle sulphide in the presence qfjree SHj, add a few drops of a 
solution of sodio nitroprussiie. This reagent does not affect free SHa, hut gires 
a fine purple colour with the merest traces of soluble sulphides. The colour dit- 
appears only after some time. 

A mixture contaimng a eolnbU alktUine eulpkide, hypondpkUe^ nUpkiie, 01 
sulphate may be examined by adding OOCdo'' to the aqueous solution. Filter, 
dissolve the excess of OOGdo'' in the precipitate by means of dilute acetic add ; 
a residue of yellow OdS indicates the presence of an alkaline sulphide. Add to 
the filtrate BaOlj ; a precipitate b obtained, consisting of SOsBao'^and SOBao''. 
Filter off; digest the precipitate with dilute hydrochloric acid, and filter. A 
white residue shows the presence of an alkaline sulphate. Add chlorine water to 
the filtrate ; a precipitate of SOfBao'' indicates the presence of an alkaline aol* 
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phite. The filtrate from the BaCIj precipitate is searched for SSOHoj by the 
addition of HCl and boiling. A precipitate of yellow sulphur and the odour of 
SO] indicate the presence of a hyposulphite. 

To remoYO SH3 from a ^[aseous mixture of 00^ and SHs, add a solution of 
cupric chloride and shake up with the gases. 

QUESTIONS AND EXEECISES. 

1. Explain the changes which take place when hydrosulphurio acid is passed 

through saline solutions, the metals of which form insoluble sulphides. 
QtiYQ instances. 

2. Explain the action of heat upon the different metallic sulphides. 

3. Which sulphides are soluble and which are insoluble in water P 

<4. Explain how certain sulphides are affected by dilute hydrochloric acid, and 
how by concentrated hydrochloric acid. G-ive characteristic instances, 
and express the changes by equations. 

6. Describe the most delicate reaction for gaseous 8H3. 

6. What is the action of nitric acid upon ZnS, PbS, OuS, SnS, SbjSg ? 

7. How would you prove the presence of an alkaline sulphide, hyposulphite, 

sulphite, and sulphate in an aqueous solution ? 

8. State how you would separate SH3 and 00^ contained in a gaseous mixture. 

9. How can you prove the presence of 8H3 in coal gas ? 

10. 10 litres of unpurified coal gas yielded *236 grm. of OdS. What is the 

percentage of 8H3 in the gas ? 

11. *650 grm. of galena gave '532 grm. of S02Pbo''. What is the peroentage of 

Pb and of S in the e ilena ? 

12. What change takes pkoe when PtSj, SbjSs, FeS], AsA, and KffS are 

heated with exclusion of air ? 
18. How would you test for 8H] in sewer ^es P 

14. How would you detect sulphur in pig uon P 

15. Explain the action of chlorine, bromine, and iodine upon8HsP 

16. How is sulphur detected in organic compounds, such as coal P 



NITRIC ACID, NO2H0. — Obtained as a colourless, highly 
oorrosive, volatile liquid, of a deep yellow colour when it ia mixed 
with nitrons acid. It is characterised by the facility with which 
it parts with its oxygen, and it is this property of which we avail 
ourselves invariably, when nitric acid or a nitrate has to be detected. 

BEAOTIONS IN THE DBT WAT. 

Most nitrates {nse readily when heated. All are decomposed 
^vhen exposed by themselves to a high temperature. The decomposi- 
tion varies with the nature of the base ; a lower oxide of nitrogen 
and oxygen being generally given off. Thus ammonio nitrate, 
MOsAmo, breaks up into ONa and OH2 ; potassic or sodic nitrate 
into nitrite (always contaminated, however, with nitrate and caustic 
alkali) with liberation of oxygen, and ultimately into oxide — nitro- 
gen and oxygen being given off ; others, such as plumbic nitrate^ 
into and N2O4, leaving the oxide of the metal. When heated 
together with bodies eager to take up oxygen, such as carbon (char- 
coal, alkaline cyanides, etc.), sulphur or phosphorus, the decompo- 
sition becomes explosively violent, and nitrogen gas only is left as 
the remnant of the molecule N2O5. (Chlorates explode in like 
manner, but leave metallic chlorides.) 

I 
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REACTIONS IN THE WET WAT. 

With the exception of a few basic salts, nitrates are readily 
soluble in water ; hence nitric acid cannot be tested in the usual 
^^Ji ^7 producing precipitates by way of doable decomposition. 
When acted upon by various reducing agents, the deozidation of 
the acid may be partial (accompanied by the evolution of lower 
oxides of nitrogen), or complete (nitrogen only being left) ; in which 
case the nascent nitrogen is capable of combining with hydrogen in 
the nascent state to form ammonia. 

1st. Beacii<m8 in which nitric acid is reduced to lower oandes of 
nitrogen, 

A SOLUTION OF NITBIG ACID OB OF POTASSIC NITRATE, NOiEo, may 

be employed. 

NOsHo (or NOaKo) is decomposed when heated with conoen> 
trated hydrochloric acid (or a chloride when heated with nitric 
acid). Cfhloronitric gas,* NaOsCU, is evolved, and the liauid acquires 
the power of dissolving gold-leaf or platinum foil, which are not 
soluble in single acids. (Chlorates, bromates, iodates, chromates, 
and permanganates evolve chlorine when treated with hydrochloiic 
acid ; they dissolve gold or platinum, but give off no N^Ot.) 

Add to a dilute solution of ferrous sulphate cautiously its own 
volume of concentrated sulphuric acid (free from nitric acid), and 
allow the mixture to cool ; then add gradually a solution contain- 
ing a nitrate. A ring is seen to form at the point of contact of the 
two layers, of a violet, red, or dark brown colour, according to 
the quantity of the nitrate present. The coloration is increased by 
carefully shaking up the fluid, but it disappears on heating. This 
is owin^ to the formation of a transient compound of the ferrous 
ssblt witk NaOa, consisting of four molecules of the salt with one 
molecule of nitrio oxide (480flFeo'',NaOt). The other three atoms 
of oxygen from two molecules of nitric acid oxidiise six molecules of 
ferrous into three molecules of ferric sulphate, SsOeFotO^. This con* 
stitutes one of the most delicate reactions for nitric acid. The change 
may be expressed thus :— 

lOSOaFeo" -f 3SO,Ho, -f 2NO,Ho = 3S,0,Fe,o^ 
+ 4SO,Feo",N,0, + 40H,. 

A solution of a nitnte, when added to a solution of indigo in sulphuric Mid 
(sulphindigotic acid), changes the blue colour of the indigo to ydUow. (Free 
chlorine and other oxidiring agents bleach indigo likewise.) 

Metallic copper (Ag, Zn, Pb, or Hg) is dissolved by nitric acid 
with evolution of ruddy fumes, and by potassic nitrate on the addi* 
tion of sulphuric acid. 

A similar reaction takes place, when copper filings are mixed with a nitnte 
and hydrio potassic sulphate and fused in a test-tube or crucible. 

Minute quantities of nitrates found in mineral waters, in rain 

* From the recent inrestigations of Tilden (Chem. 8oc. Joum., July, 187^ 
p. 684) it wppears that Gay Lutsac^s N]0fCl4 gas is a mixture of nitrosyl mono* 
chloride, NOCl, with yarying quantities of chlorine. 
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water, 6t water draining from arable land, may be detected by first 
redacing the nitrate to nitrite. This is effected by heating the solu- 
tion for some time with a little zinc amalgam. On filtering and 
adding to the filtrate a solution of ferrous salt, a dark brown colora- 
tion is obtained ; or by adding a drop of a solution of potassic iodide, 
some freshly prepared cold staich solution, and a little acetic (or very 
dilate sulphuric) acid, a fine blue precipitate of iodide of starch is 
produced, thus : — 

2HOKo 4- 2KI -f 2SOaHo8 = N^Oa + 2S08Ko, -f I, + 20H,. 

This reaction is exceedingly delicate. 

2nd. BeactUms in which nitric add is entirely reduced, and its 
nitrogen converted into ammonia. 

All nitrates when fused with caustic potassa, lime, or soda-lime, 
and some non-nitrogenous organic substance, such as sugar or starch, 
eyolve ammonia, thus : — 

6N0,Ko + I8KH0 + OiaHaOu = I2OOK0, + eNHs -f llOH,. 

Sugar. 

The gas may be readily recognized by its odour, or action upon 
red litmus paper. 

Nascent hydrogen, produced by the action of KHo upon metallic 
zinc, iron, or aluminium, gives rise, in the presence of a nitrate, to 
the formation of ammonia, thus : — 

(1) Zn -f 2KHo = ZnKoa + H,. 

(2) NO,Ko +^ 4H, = NH, + KHo -f 20Ha. 

When stannous chloride, hydrochloric acid, and a nitrate are 
heated together, the tendency of the stannous chloride to combine 
with two more atoms of chlorine to form stannic chloride, aided by 
the oxidizing action of nitric acid upon the hydrogen, breaks up 
hydrochloric acid, with formation of stannic chloride and ammonia, 
thus: — 

4SnCla -f NO,Ko + lOHCl = 4SnCl4 -f NH4CI + KCl -f 30H,. 

To detect free niiaio aoid in the presence of a nitrate, evaporate the Bolution 
on a water-bath with quiU cuttings or white woollen fabrics. Xfitric acid colours 
these substances yellow. Or digest the solution at a gentle heat with OOBao'', 
filter off and test the filtrate for barium by means of sulphaiio add. 

QUESTIONS AND EXEBCISES. 

1. Explam what changes take place when nitrates are heated by themselves. 

2. State what action takes place when ferrous, cuprous, and mercurous chlorides 

are heated with nitnc acid. 
8. Why can the metals Cu, Pb, Ag, be employed for the detection of nitric acid 

or a nitrate P 
4. Explain what changes take place when a solution of potassic nitrite, potassio 

iodide, starch, and dilute sulphuric acid are mixed together. 
6. How can ammonia be obtained from a nitrate ? Describe several processes. 
6. How would you test for nitrates in a soil, in sewage water, in mineral 

waters? 

I 2 
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7. How mucli ferrous sulphate (S0Ho2Feo" + 6aq.) is required for the complete 

decomposition of 1 grm. of pure potassic nitrate P 

8. Calculate how much nitre is required to deflagrate, Ist, 1*5 grm. of sugar, and 

2nd, '5 grm. of sulphur. 

9. How is free nitric acid detected in the presence of a nitrate ? 



NITROUS ACID, NOHo.— Both the acid and anhydride are 
marked by their proneness to undergo decomposition in the presence 
of water, into nitric acid and nitric oxide. 

REACTIONS IN THE DRY WAY. 

Nitrites fuse and are decomposed on ignition into oxides, with 
evolntion of nitrogen and oxygen. Ammonic nitrite (NOAmo) 
breaks up when heated, into nitrogen and water. Mixed with 
carbon, potassic cyanide, sulphur, and other oxidizable bodies, 
nitrites deflagrate like nitrates, with which they have, in fiekct, most 
of the dry reactions in common. 

REACTIONS IN THE WET WAY. 

All nitrites are soluble in water; argentic nitrite, NOAgo, is 
difficultly soluble, and serves for the preparation of pure nitrites, by 
double decomposition with neutral soluble chlorides. Dilute acids 
liberate N202 and convert a portion of the nitrite into nitrate^ 
thus : — 

8NOK0 + SO2H02 = NaOa + NOjKo -I- SOaKo, -f OH,. 

The reactions by which the presence of nitrous acid can be 
readily recognized, may be divided into two classes : — 

1st. Beactions in which the add acts a^ an oxidizing agent : — 

SH] decomposes aqueous solutions of alkaline nitrites, with formation of 
NjOs (of NHg when the reaction goes on for some time) and alkaline sulphides, 
thus: — 

2NOKo + 2SHs » NsOj + 20Hs + S,E,. 

In acid solutions the decomposition is accompanied by a copious separatioii 
of sulphur. 

FeCls, on the addition of a little hydrochloric acid, is turned dark brown, if 
a nitrite be present, owing to the absorption of N3O3 gas by a portion of the 
unozidized ferrous salt. On the application of heat NsOs is erolTed, thua :^ 

2FeCl, + 4HC1 + 2NOKo » FesCI« + 2KCi + NjOs + 20H^ 

N0(NH40) breaks up, on the application of heat, into N and OHs, the hydro> 
gen of the NH4 acting as the reducing agent. Nitrites containing fixed bases are 
decomposed in like manner, on the addition of ammonic chloride (or some other 
ammonic salt), thus : — 

OOAmos + 2NOEo <- N4 + 40Hs + OOEoi. 

EI and starch solution gire in the presence of a nitrite and a dilute add blue 
iodide of starch. (See under HI, p. 128). 

2nd. Beactions in which the acid acts as a reducing agent, and if 
converted into nitric add, thus : — 

2irOHo 4. O, - 2VOtHo» 
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AuClg and HffsCls give metallic gold and grey metallio mercury. 
I Mno'(OKo) ^^^^B nitrites into nitrates in the presence of a mineral 

acid (SOjHos, HCl), and the permanganate solution is rapidly decolorized. 

Or^sKos is reduced under similar conditions to a chromic salt. Nitrates 
are not affected by potassic permanganate or alkaline chromates. 

FbOa converts NOHo into NO2H0 ; but does not act upon dilate NO]Ho 

(SIBTDIOTION BETWEEN IHTBOTJB AND NITBIO AOID). 

QUESTIONS AND EXERCISES. 

1. Explain the changes which take place when NSO4 is acted upon by KHo. 

2. Explain what takes place when nitrites are heated, 1st, by themselves ; 2nd, 

m contact with carbon or sulphur. 

3. How can NOKo be separated from NO2K0 ? 

4. What is the action of dilute sulphuric acid upon NOKo ? 

5. Give instances, 1st, of the oxidizing, and 2nd, of the reducing action of 

NOHo ; and express the changes by equations. 

6. What are the products of decomposition of strongly ignited N204Fbo'', 

N0(NH40), and NOKo ? 

7. How can a trace of a nitrite be detected in the presence of a nitrate ? 

8. Explain the action of concentrated KO2H0, 1st, upon staroh, 2nd, upon 

AflaO,. 

9. How would you prepare pure vqOb</^ ? 

NO 
10. Explain the action of heat upon a solution of wrvCao'^ and AmQ. 



HYDROCHLORIC ACID, HCl. — Gaaeons hydrochlorio 
acid is readily absorbed by water, and forms then one of the most 
usefnl acids. Chlorides are among the most important chemical 
compounds. They differ considerably in their physical properties. 

BBACTIONS IN THE DRY WAT. 

Some chlorides are liqaid and can be distilled without decom- 
position, such as SnClt, SbCU; SbCIa is a soft grey crystalline 
rnsible solid which distils at 225° 0. ; others are solid, fusible and 
non-volatile at a moderate heat, such as A^Gl, PbCU, BaClj, NaCl. 
Upon ignition certain chlorides, such as AuCla, PtCU, are decom- 
posed with evolution of chlorine gas, first into AuCl, and PtCla, 
which are almost insoluble in water, and finally into Au and Pt. 
Magnesic chloride is decomposed by heat in the presence of water 
into MgO and 2HC1. Anhydrous ferric chloride, when heated in 
contact with air, is decomposed into FejOa and SGls. 

.Heated in a bead of microcosmic salt, saturated with cupric 
oxide, chlorides impart a blue colour te the outer fkumSy owing te the 
formation of volatile CuGla. 

YHien a dry chloride is mixed with dipotassic dichromate and 
concentrated sidphuric acid, and gently heated in a small retert, a 
deep hroumtsh-red gas, called chlorocbromlc acid, Cr02Gl2, comes off, 
which condenses to a like coloured liquid, and can be collected in a 
receiver. The reaction which takes place is expressed by the 
equation : — 
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4NaCl + Or,OsKo» + 3SOaHoa = 2Cr02CU + 2SO,Nao, 

Gblorochroinic acid. 

-f SOaKoa -f 30H,. 

This liqnid is speedily decomposed, on dilution with water, into 
chromic and hydrochloric acids, thus : — 

CrOaCla + 2OH2 = OrOaHo, + 2HC1 ; 

or by aqneous ammonia or potassic hydrate into the corresponding 
salts. The presence of chromic acid, and indirectly of hydrochloric 
acid, is inferred from the yellow precipitate which a plnmbic salt 
produces with their solutions. This reaction is employed for ro- 
cognizing chlorides m the presence of bromides. The latter yield 
bromine when treated similarly. 

BBACTIONS m THE WBT WAT. 

A SOLUTION OF SODIG CHLORIDE is employed. 

AU chlorides may be divided into : — 

1st. Chlorides insoluble in water,, such as AgCl and H&Glt» 
which are quite insoluble; PbGU, which is difficultly soluble in 
cold, readily soluble in boiling water; and GllaCU, AuCl and PtClt, 
which are almost insoluble in water. 

2nd. Chlorides which a/re soluhh in water, comprising all oilier 
chlorides. 

In order to ascertain the presence of a soluble chloride, or of 
hydrochloric acid, we have merely to add a soluble argentic, mer- 
curous or plumbic salt, when a white precipitate is produced. The 
first of these salte answers every purpose, and is therefore invariably 
employed to detect hydrochloric acid. 

NOaAgo gives a white cwrdy precipitate of arsentle ddsrldte, AgCl, 
especially from a solution acidulated with dilute nitric acid. The 

Srecipitete turns violet on exposure to light. It is insoluble in 
ilute nitric acid ; soluble in ammonic hydrate, but is reprecipitated 
unchanged, on the addition of nitric acid ; it is likewise soluble in 
potassic cyanide and sodic hyposulphite ; soluble to a considerable 
extent in alkaline chlorides, irom which AgCl is reprecipitated on 
dilution. Argentic chloride fuses without undergoing decomposi- 
tion, to a horn-like mass, called homsilver, when gently heated. 

Chlorides are detected also by heating with a little black man- 
ganic oxide and concentrated sulphuric acid, when chlorine is 
evolved according to the equation : — 

KnO, + 2NaCl + 2BO,Ho, =r CI, + BO.Mno" -f BObNaoi 

+ 20H,. 

This gas is readily reoogniied by its chaincteristic odour and 
bleaching properties, its yellowish-green colour, and ite action upon 
iodized steotsh paper, or upon a dilute solution (^ potassic iodide and 
freshly prepared starch solution, giving rise to the formation of hWe 
iodide ofsta/reh. 
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Concentrated sulphnric acid liberates gaseous hydrochloric acid 
from chlorides, thus : — 

2NaCl + SOaHoa = SOjNaoa +2HC1. 

HgCl,, HgsCU, AgCl, PbCl,, SnCla, and SnCli, are decom- 
posed, with difficulty only, or not at all, by concentrated sulphuric 
acid. 

In order to effect the decomposition of insoluble chlorides, such 
as AgGl, HgjGla, and PbOls, they are mixed with fusion mixture, 
perfectly free from alkaline chlorides and heated in a porcelain 
crucible. The chlorine is thereby transferred to the alkali metals, 
and may be readily detected by means of argentic nitrate in the 
aqueous extract, after acidulating with dilute nitric acid. 

Tnoes difree HCl, in the presence of a soluble chloride, are beet detected by 
gentljf heating with MnO] or FbOj, and passing the erolyed chlorine into a 
solution of potassic iodide and starch. The chlorine liberates iodine (2KI + 
CI) = 2£C1 -h I^ which forms with the starch blue iodide of starch. 

QUESTIONS AND EXERCISES. 

1. How are the seyeral solid chlorides acted upon by heat ? 

2. How is chlorochromic acid prepared F 

5. Classify all chlorides according to their solubility in water. 

4. Describe the most characteristic tests for chlorine, as well as for hydrochloric 
acid or chlorides. 

6. How are insoluble chlorides examined P 

6. How would you detect free HGl in the presence of a metallic chloride ? 

7. Explain the action of distilled water, of chlorine water, ammonic hydrate, 

potassic cyanide, sodic hyposulpliite, and sxdphuric acid upon AgOl, 
Hff^s, and PbC!}. 

8. Yon haye giren to yon 100 c.c. of a liquid containing free HOI and a solu* 

tion of sodic chloride. 60 c.c. of the liquid gave 2*345 erms. of AgOl. 
After eraporation and i^tion of the other 60 c.c. the residue yielded on 
precipitation with argentic nitrate 1*696 grm. of AgOL What is the per- 
centage of HOI and of sodic chloride in the liquid F 



CHLORIC ACID, | q^^.— Obtained, in combination with 

calcium, by passing chlorine through a solution of calcic hydrate 
and potassic carbonate to complete saturation. To a concentrated 
solution of the calcic chlorate, formed according to the equation : — 



6CaHoa -f 6CI2 = 



fOCl 

^ ^Cao" + SCaCl, + 60H„ 
001 



< 



add a solution of potassic chloride, when calcic chloride and potassic 

chlorate, < q^^ , are formed by double decomposition. Potassic 

ddorate, being little soluble in cold water, and still less so in a 
solution of calcic chloride, crystallises out, and is washed with cold 
water and purified by reciystaHisation. 
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REACTIONS IN THE DRY WAT. 

All chlorates are decomposed by heat; thej fuse and evolve 
oxygen, or a mixture of chlorine and oxygen, according to the 
greater or less a£Blnity of the metal for oxygen or chlorine, leaving a 
residue, consisting of a metallic chloride, oxychloride, or oxide. 

On heating a few crystals of potassic chlorate in a test-tnbe, the 
presence of oxygen can be shown by introducing a glowing splinter 
of wood into the test-tube. On dissolving the fused mass in water, 
and adding a drop of argentic nitrate, a white curdy precipitate is 
obtained, whilst a solution of a pure chlorate (unignited) gives no 
precipitate. 

Chlorates part with their oxygen far more readily, upon ignition, 
than nitrates. When mixed with oxidizable substajices, such as C, 
S, P, or KCy, they explode violently, even when gently rubbed 
together in a mortar, or when moistened with a drop of concen- 
trated sulphuric acid. Care should, therefore, be taken to powder, 
or heat together, only very small quantities of a chlorate and organic 
substances. 

REACTIONS IN THE WET WAT. 

A SOLUTION OF POTASSIC CHLORATE may be employed. 

All chlorates cure soluble in water, lu order, therefore, to detect 
chlorates, we avail ourselves of their powerful oxidizing action, and 
their leaving for the most part a chloride on ignition. Strong 
hydrochloric and sulphuric acids decompose chlorates, with evolution 
of chlorine and formation of lower oxides of chlorine. 

Concentrated sulphuric acid decomposes potassic chlorate even 
in the cold, a greemsh-yellow gas, called ehlerie perexMe, O4CI1, 
comes off, which is recognized by its suffocating odour. On the 
application of heat (especially on operating with somewhat large 
quantities) violent explosions occur. A few small ciystals only of the 
chlorate should, therefore, be emploved, and the test-tube should be 
held with its mouth turned away from the operator. The change 
may be expressed by the equation : — 

(OCX fOCi (O^ 

3 \ Y,)^\ + 280^0, ^ 2SO,HoKo + < O -f < O, + OH,. 

i^^"" LOKo \oa 

Potaasic Chloiio 

perchlorate. peroxide. 

HGl, espeeially when heated, decomposes potassic chlorate, 
giving off A mixture of chloric peroxide and free chlorine, called 
efuchlorinef thus : — 

8 { o^« + 24H01 =3^0, + 901, + 8KC1 + 120H,. 
L^^^ \OCl 

A solution of indigo (snlphindigotio acid) is decolorised on the 
addition of a solution of a chlorate and a little sulphuric acid, bj a 
reaction analogous to that produced by free nitric acid. 

Perchlorates are more stable than chlorates. Concentrated sol* 
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phnric acid falls to decompose perchloric acid in the cold and with 
difficulty only on heating. (Distinction from chloric acid.) Hydro- 
chloric, nitric, and sulphuroos acids do not decompose aqueous 
solutions of perchlorates, nor is indigo solution decolorized. All 
perchlorates are soluble in water, most of them freely. Potassic 
perchlorate is sparingly soluble in water, insoluble in alcohol. 

In order to distinguish a nitrate from a chlorate^ disBolye a small portion 
of the two salts in water, and add a few drops of argentic nitrate to make sure 
that no chloride is present. Ignite another portion strongly till the evolution of 
oxygen ceases ; allow to cool, and dissolre out with hot water. To one portion of 
the solution add a few drops of dilute nitric acid, and then argentic nitrate. A 
white curdy precipitate indicates the presence of a chloride, and, indirectly, of a 
chlorate. To the other portion of the solution add potassic iodide and starch 
solution, and then a few drops of acetic acid ; a blue coloration of iodide of starch 
proyes the presence of a nitrite, deriyed from the potassic nitrate. 

If a chloride be present, as well cu a chlorate and nitrate, a solution of argentio 
sulphate must be added to the solution, as long as a precipitate comes down. The 
AgGl is filtered off, and the filtrate evaporated to dryness, with the addition of a 
little pure sodic carbonate, and the residue strongly ignited. The dry mass is 
extracted with a little boiling water, filtered, and argentic nitrate added to a por- 
tion of the acidulated (KOfHo) solution, as long as a precipitate comes down. 
The remaining portion is tested for nitric acid, either by the iodide of starch 
reaction, or by means of a ferrous salt and sulphuric acid. 

QUESTIONS AND EXERCISES. 

1. State briefly how potassic chlorate is prepared. 

2. Describe the changes which potassic clilorate undergoes on ignition. 

3. Explain the action — 1st, of concentrated sulphuric acid ; 2nd, of concentrated 

hydrochloric acid upon potassic chlorate. Give equations. 

4. How can a chlorate be detected in the presence of a chloride ? 

5. How can a nitrate and a chloride he recognized in the presence of a 

chlorate? 

6. Introduce some strips of metallic copper into a mixture of potassic chlorate, 

anenious acid and hydrochloric acid, and explain why no precipitate of 
metallic arsenic is obtained on the copper. 



HYPOCHLOROUS ACID, ClHo.— The salts which this 
acid forms possess considerable interest, on account of the powerful 
bleaching action which they exert in the presence of acids. Of im- 
portance are the sodic and calcic hypochlorites, which are obtained 
along with the corresponding chlorides, by passing chlorine through 
a solution of the carbonates or hydrates. An important compound 
closely related to the hypochlorites is the calcic chlorohypochlorite 
(a constituent of chloride of lime or hhachmg powder*) y which appears 
to be formed according to the equation : — 

OaHoa + CI, = Oa(OCl)Cl + OH,. 

Hyi)ochlorites are gradually decomposed on exposure to air 
(owing probably to the action of the carbonic anhydride contained 

* The actual composition of this important body is usually expressed by the 
formula : — Oa(OCl)Cl,OaO,20H2, requiring 32*42 p.o. of chlorine, more accu- 
ntely, however, by that of Oa(OCl)Gl,OaHo3, wMch requires 36*32 p.c. of 
chlorfne. 
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in air). Dilate acids liberate chlorine, and it is on this aooomii 
that hypochloriteB are of such great valne as disinfedants and 
bleaching agents, 

REACTIONS IN THE DRY WAY. 

Hypochlorites are converted into chlorates (which give off oxygen 
when ignited), and chlorides, thns : — 

fOCl 

60a(OCl)01 = \qObo" -f 50aCl,. 

1 OCl 

RBACrriONS IN THE WET WAY, 

We employ A soltjtion of calcic or sodic hypochlorits, 
ClNao. 

All hypochlorites are soltible in water. Their aqneona solutions 
bleach vegetable colours. On heating or evaporating dilate solu- 
tions of hypochlorites, they are decomposed into chlorides and 
chlorates, concentrated solntions into chlorides and oxygen. DOnte 
hydrochloric acid decomposes them with evolntion of chlorine. 
(Distinction between hypochiiORttes and chlorates.) Hypochlo- 
rites yield oxygen to readily oxidizable snbstances, and become 
converted into chlorides ; the detection of hypochlorons acid is 
based npon the various processes of oxidation to which its salts can 
give rise, thus : — 

ASjOs is oxidized to ASsOs. 
MnCU „ „ MnOa. 
PbO „ „ PbOa. 

PbS „ „ 80,Pbo". 

{ooio " •* 200.4- OH.. 
Indigo or litmus is readily decolorized. 

QT7SSTI0NS AND BXEBCISES. 

1. Q-Iyo the graphic formula for calcic chlorohypoohlorite. 

2. Give illuBtrationB of the oxidking action of hypochlorites. Expreai the 

changes by eqoationi. 
8. How is hleoMng powder prepared P 

4. Explain the bleaching action of an aqaeons eolutioii of a hypochlorite. 

5. What change takee place — let, when a hypochlorite is ignited by itself; 

Sndly, when a concentrated solution of a hypochlorite is boiled ? 

6. Explain the deodorising action of hypochlorites when brought in contact with 

8Hsi SAni], PHsi NH|. 

7. How can a hynochlorite be diitinguished in the presence of a chloride f 

8. A sample of bieachinff powder contains 26*5 per cent, of chlorine. How much 

AflaOs by weight will be reauired to deoxidise (" dechlorinise") 1*2S6 
grm. of the bleaching powder r 

HTDBOBBOMIC ACID, HBr.— -The element bromine ooonn 
in nature mainly in oombination with the fixed alkalies and the 
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metals of the alkaline earths (calcinm, magnesmm), forming salts, 
called bromideSi which resemble the chlorides of the same metals 
very closely, and from which we derive both bromine and hydro- 
bromic acid. 

REACTIONS IN THE DRY WAY. 

Most bromides remain unaltered when ignited ; others are vola- 
tilized without decomposition. AuBra and PtBr4 are decomposed 
upon ignition into metal and bromine, which latter volatilizes. Many 
Inomides are acted npon, when ignited with free access of air, and 
are converted into oxides and free bromine ; others again, such as 
AlaBr«, etc., are decomposed, on evaporation of their aqneous solu- 
tions, into oxides and hydrobromic acid. KBr and NaBr are con- 
verted, to a great extent, into KGl and NaCl, on repeated ignition 
with ammonic chloride. When fused with hydric potassic sulphate, 
bromides are decomposed into sulphates, with evolution of sul- 
phurous anhydride and bromine. The few insoluble bromides of 
the heavy metals are converted into soluble alkaline bromides by 
fiBsion with alkaline carbonates. 

Heated before the inner flame of the blow-pipe on a bead of microcoemio ealt, 
in which a little ouprio oxide has been diffused, bromides impart a blue colour to 
the flame, which iNiseee into green, especiailj at the edges. This distinction 
between chlorides and bromides b, howerer, not rery marked. 

EBACTIONS IN THE WET WAY. 

A SOLUTION OF POTASSIC BROMIDE, KBr, may be employed. 

All metallic bromides can be divided into— 

Ist. Bromides which are insoluble in water^ such as AgBr, 
'Hg'iBrt, PbBr, (less soluble in water than PbClt), and — 

2nd. Bromides which are soluble in water^ comprising all other 
bromides. 

Certain bromides, e.g., SbBrs, BiBrs, are decomposed by water 
into insoluble oxybromides and hydrobromic add. They resemble 
in this respect the corresponding chlorides. 

In order to detect hydrobromic acid or a soluble bromide, add a 
solution of an arg^tic (mercurous or plumbic) salt to the solution, 
when a yellowish white precipitate of arsentle 1ir«iiilde, AgBr, is 
formed, which is insoluble in dilute nitric acid, somewhat soluble in 
concentrated ammonic hydrate, readily soluble in potassic cyanide or 
Bodic hyposulphite. By decanting the supernatant liquid, washing 
with a little water, and treating the precipitated argentic bromide 
with strong hydrochloric acid, reddish brown fumes of bromine are 
evolved which colour starch paste yellowish. (Distinction between 
AgBr A9D AgCl.) 

Insoluble bromides, such as AgBr, HgzBra, FbBrs, can be 
decomposed by heating in a test-tube with alkaline carbonates (free 
fi*om chlorides). The aqueous extract' is tested for hydrobromic 
add, and the insoluble residue for silver or lead. Hg^Brs gives a 
sublimate of metallic mercury. 

In the absence of any well-marked distinguishing features in the 
ai^ntic bromide precipitate, it is preferable to liberate bromine 
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from soluble bromides, and to cause the reddish-hroum vapour to act 
upon starch paste with formation of yellowish bromide of starch. 

Nitrous acid (or a nitrite and dilute hydrochloric acid) does not 
liberate any bromine from soluble bromides. (Distinction bgtwbeh 
BROMIDES AND IODIDES.) All bromides ai'e, however, decomposed by 
chlorine, with evolution of bromine, which remains dissolved in the 
aqueous solution. On shaking with a little ether, the bromine is 
taken up by the ether, forming a yellowish-red liquid, which floats 
on the top of the saline aqueous solution. This ethereal liquid may 
be removed by means of a small pipette, and on being treated with 
potassic hydrate is converted, on evaporation, into potafisic bromide 
and potassic bromate, thus : — 

8Br, + 6KH0 = SKBr + | q^^ -f 30H,. 

Bromine is obtained from natural bromides, such as potassic, 
magnesic, and calcic bromides, by reactions analogous to those 
employed for the preparation of chlorine from common salt (page 
118) ; for instance, on distilling with manganic oxide and concen- 
trated sulphuric acid, thus : — 

2KBr + MnOa + 2SO2H0, = Br, + SOaKo, -f SO,Mno" + 20H,, 

or by distilling a bromide with dipotassic dichromate and sulphuric 
acid, thus: — 

6KBr + CrjOftKoa + 7S0iiHoa = 3Br, -f SsOeCrao^ + 480aKo, 

+ 70H,. 

A mixture of a bromide and 
manganic oxide, or dipotassic 
dichromate is introduced into a 
tubulated retort (Fig. 16), with 
concentrated sulphuric acid, 
diluted with its own weight of 
water, and gently heated over a 
gas flame. The reddish-brown 
vapours of bromine passes over, 
and condenses in a flask (which 
should be kept cold by a stream 
of water, or better still, in a 
vessel surrounded with ice), to a 
reddish-brown heavy liquid. 
Pio. 16. Concentrated sulphuric acid 

alone evolves hvdrobromic acid, 
together with bromine and sulphurous anhydride, tnus : — 

4KBr -f 3S0>Ho, = Br, + 2HBr + 2SO:iKo, + 20Ha + SO,. 

Concentrated nitric acid evolves bromine, together with nitrous 
fumes, thus : — 

2KBr -f 4NOaHo = Br, + 2N0,Ko + N.O* + 20H„ 
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In tbe two last reactions the snlphnric and nitric acids act as 
oxidizing agents, performing in fact the functions of the manganic 
oxide and dipotassic dichromate in the former reactions. 

It is obyious that the hydrogen may also be removed from hydrobromic acid 
(or the metal from a metallic bromide) by other oxidizing agents, such as per- 
manganates and metallic peroxides, in the presence of an acid. 

Bromine is a heavy reddish-brown liquid, of disagreeable odonr, 
resembling the odonr of chlorine. It boils at 63° C, and volatilizes 
at the ordinary temperature. Bromine vaponr bleaches vegetable 
ooloars like chlorine gas. It is difficultly soluble in water, somewhat 
more soluble in alcohol, and readily soluble in ether to a yellowish- 
red liquid. 

Bromine (like chlorine) is an oxidizing agent, i.e., it is eager to 
combine with hydrogen, and is capable of decomposing water, 
sulphuretted hydrogen, etc., under favourable circumstances (e.^., 
Biinlight), with liberation of oxygen, sulphur, etc. We avail our- 
selves of this tendency to prepare hydrobromic acid, which cannot 
be obtained pure by distilling a bromide with sulphuric acid. By 
passing sulphuretted hydrogen through bromine suspended in water, 
a colourless solution of hydrobromic acid is obtained, and sulphur 
separates, thus : — 

Bra -f SHa = 2HBr + S. 

This solution always contains some sulphuric acid, owing to a 
secondary reaction of the bromine upon water, in the presence of 
nascent sulphur : — 

3Bra + 40H8 -f S = 6HBr + SO2H0,, 

from which the hydrobromic acid is separated by distillation. 

It will be inferred from this that the decomposition of water by 
bromine would be assisted very much by the presence of deoxidizing 
bodies, such as phosphorus, metallic hypophosphites, sulphites, hypo- 
sulphites. 

Hydrobromic acid can likewise be prepared by distilling an 
alkaline bromide with phosphoric acid. 

In order to distinguish a bromide in the presence of a chloride^ argentic nitrate 
is added gradually to the solution, acidulated with a Uttle dilute nitric acid. 
AgBr is precipitated first, and by filtering off, as soon as the precipitate appears 
white — an inmcation that the whole of the bromide has been precipitated, and 
that AgCl begins to fiill out — the two acids may be roughly separated. 

It is, howerer, preferable to employ the reaction described at page 117, tix., 
of distilling a mixture of a dry chloride and bromide with dipotassic dichromate 
and concentrated sulphuric acid, and of obtaining chlorochromio acid and bro- 
mine, the former being decomposed by water into OrOjHos and HCL The 
bromine remaining unchanged, can be removed by ether. On adding AmHo 
to the bromine solution a colourless liquid containing ammonic bromide and bn>- 
mate ia obtained. 

QUESTIONS AND EXERCISES. 

1. Describe a method by which bromine can be obtained from a soluble bro- 

mide. ^^ 

2. How would yon prepare HBr from a soluble bromide P 
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8. Explain the action of heat apon solid soluhle hromides. 

4. Classify all hromides according to their solubility in water. 

5. Describe the most characteristic tests for bromine, and for HBr. 

6. Explain the action of chlorine, dilute HCl, concentrated SOsHos, oonceii- 

trated NOsHo^, and of POH03 ui)on potassio bromide. 

7. How is HBr distingxiished from HCl? 

8. What takes place when bromine, phosphorus, and water are bxoogbt 

together ? 

9. Explain the action of SHj, SONaos, and SSONaos upon bromine suspended 

in water. 

10. GKye the atomic and volume weights of bromine and of hydrobromic add. 

11. 1*56 grm. of argentic bromide are heated in a current of ohloiiiie ; what will 

be the weight of the silyer salt left ? 



BROMIC ACID, < Q-a^' — Obtained in combination with potaaaum bj 

adding bromine to a moderately concentrated solution of potaaric hjdrste. 
Potassic bromate crystallises out from the slightly yeUowiah-ooLouxod liquid, sod 
is purified from potassic bromide by washing with water and recrystaUiflatioii. Tbe 
reaction takes place according to the equation : — 

SBrj + 6KH0 = 5KBr + i ^^ + 80H,. 

The free acid is obtained by decomposing baric bromate with dilute sol* 
phuric acid. 

BEAOTIOKS IK THB I>BY WAT. 

All bromates are decomposed by heat. Some, e.ff,, the alkaline bromatea, 
fuse and eyolye oxygen, leaving a bromide ; others, such as zincic and magnesic 
bromates, leave an oxide and give off oxygen and bromine ; others, again, leare tn 
oxide and a bromide, 0.^., plumbic and cuprio bromates. When mixed with 
readily oxidizable substances, such as carbon, sulphur, etc., bromates deflagrate- 

BBACTIOKS IK THB WBT WAT. 

We employ A bolutiok of potassio bbomatb, -j q^. 

All bromates are soluhle in water. Argentic and mercuiouB bromates are 
difficultly soluble. 

Dilute sulphuric, nitric, or phosphoric acid liberates bromic add from iU 
salts, which, however, exhibits great instability and breaks up into bromine, 
oxygen, and water. 

Bromates are readily broken up by deoxidizing substances, such as sulphnrooi 
and phosphorous acids, sulphuretted hydrogen, etc., with formation of sulphuric 
and phosphoric acids, sulphur and water, and liberation of bromine. A mixture 
of potassic bromide and bromate, when acted upon by dilute acids, u deoompoaed 
into bromine and water, thus :— 

6KBr + j Q^^ + 6Ha - SBrj + SOHj + 6KCL 

The weak affinity of bromine for oxygen is, moreover, rendeired apparent on 
boiling bromine with suoh iMwerful oxidizing agents as nitric add, poteasic dilo- 
rate or manganate, which are without action upon it. 

A bromate in the presence of a chlorate is readily distinguished by predpitation 

f OBr 
with NOsAgo ; the white arventtc brommtc, < oAffo' ^^^ ^^ bromine on 

being treated with HCl. The reddue which bromates and chlorates leave on 
ignition may also be tested by any of the methods described under hydroohlorie 
and hydrobromic adds. 
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QUESTIONS AND EXERCISES. 

1. State how potafisic and baric bromates are prepared. 

2. Desoribe the changes which metallic bromates undergo when submitted to 

heat. 

3. Exphun the action of dilute acids upon potasaic bromate. 

4. Wh&t is the action of SH,, SOs, or PjOg upon potasaic bromate P 

5. How can a bromate be distinguished in the presence of a bromide P 

6. How can a bromate be distineuished from a chlorate or nitrate ? 

7. How is free bromio acid obtamed ? 

8. How much potassic bromate should there be obtained from 60 grms. of 

bromine P 



HYDRIODIO ACID, HI.— Occnrs in natnre in the form of 
flolnble iodides (KI, Nal, Mgl2, Cal2), in sea water, in the ashes of 
marine plants, in some mineral springs, from which bodies iodine is 
obtained, by processes similar to those employed for the extraction 
of bromine from bromides. 

BBAOTIONS IN THE DRY WAT. 

Most iodides undergo decomposition when heated by themselves, 
either with or without exclusion of air. Aulg and Ptii give off 
iodine, and leave the metals ; others are partially decomposed, 
giving off iodine, and leaving an oxide of the metal. The alkaline 
iodides, however, can be heated to fusion, without undergoing any 
decomposition. Ignition with amnionic chloride converts iodides 
only partially into chlorides. On fusing cupric oxide in a bead of 
microcosmic salt, and introducing a little potassic iodide into the 
bead and heating in the inner blowpipe flame, the outer flame 
becomes of di^fine emerald green colour. 

REACTIONS IN THE WET WAY. 

We employ a solution op potassic iodide, KI. 
All metolhc iodides may be divided into — 

1st. Iodides insoluble in water, such as Agl, Hgjls, Hgis, 
Pbia, OUili (Bils, Aula, Ptii), and Pdl», and— 

2nd. Iodides soluble in water, comprising all others. The 
iodides of the heavy metals are less soluble than the 
corresponding bromides or chlorides. 

Soluble iodides may be examined in two ways — 

Ist. By precipitation or conversion of the soluble into insoluble 
iodides, 

NOfAgo gives a yellounsh white precipitate of arsentlc iodide, 
Agl, insoluble in dilute nitric acid, almost entirely insoluble in 
ammonic hydrate (distinction between HI and MCI, or HBr) ; 
soluble inpotassic cyanide. 

NsOiHgjo'' gives a yellounsh green precipitate of merearoiu 
Iodide, "^fljTj insoluble in dilute nitric acid, soluble in potassio 
iodide. 
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HgCU giving a l^eantifiil vermillion red precipitate of i 
Iodide, Hgia, solnble, however, in excess either of mercnric chloride 
or of potassic iodide. 

I < nr)^)iP^o" gives a bright yello wprecipitAte of plnmbleimilA^ 

Pbl2, solnble, like the chloride, in hot water, from which it crystal- 
lises oat, on cooling, in beantifnl shining yellow scales ; solable in 
dilate nitric acid. 

802Ga2o" (cuprous sulphate), obtained by treating SOsCno" 
with SOno2, prodaces a dirty white precipitate of cuprous Iodide. 
CU2I2, which is of interest, becaase chlorides and bromides cannot be 
precipitated in like manner, and becaase it serves fi^qnently for 
removing iodides from dilate solutions containing chlorides and 
bromides. 

2nd. By liberating iodine, and cansing the iodine vapour te act 
npon starch paste. This may be effected in several 
ways. 

On mixing a dilate solution of potussic iodide with a few drops 
of hydrochloric acid, and then adding a drop or two of a solution of 
potassic nitrite, iodine is instantly liberated, and may be detected 
by the yellowish-brown tint it imparte te the solution, or better still 
by allowing it te act upon a freshly-prepared solution of starch, to 
which it imparts B,fine blue colour, owing te the formation of iodids 
of starch. This is one of the most delicate tests. The reaction 
serves equally well for the detection of NOHo (comp. page 116), or 
NO2H0, after reducing to NOHo (see page 114), thus : — 

2KI + 2NOK0 + 4HC1 = la + 4KC1 + N2O, + 20H,. 

A solution containing free iodine may also be shaken up with a 
few drops of carbonic disulphide, which dissolves the iodine, assuming 
a fine violet colour. Ether dissolves iodine, but the colour which is 
produced resembles ether coloured by bromine. 

Nitric acid containing a lower oxide of nitrogen, acts like a 
nitrite. 

Bromine or chlorine (or what amotmte te the same, ClNao and 
HCl, or metallic peroxides or perchlorides, e.g., BaOa, PbOs, MnOs 
and HGl, or FeaCU and HCl), liberates iodine from iodides. Ac- 
cording to the quantity of iodide employed, iodine separates either 
as a bluish-black powder, forming a brown liquid, or in the form of 
deep violet fumes, which condense to beautiful fern-leaf shaped 
crystals. 

The methods adopted for the extraction of iodine from metallic 
iodides are all based upon the expulsion of iodine by oxygen (or its 
equivalent of chlorine or bromine). Iodine is obtained by distiUing 
an iodide with an oxidizing agent and sulphuric acid, e,g, : — 

2KI -f MnOa -f 2SOaHo, = I, + SO.Mno" + SO.Ko, + 

20H,, or 

feKI -f CraOsKoa -f 7SO11H0, = 81, -f B.O.CrK)'* + 4SO,Koi + 

70H,. 
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Concentrated acids, Bnch as S02no2, or NO3H0, decompose 
iodides with separation of blnisli black scales of iodine and evolu- 
tion of SO2 or lower oxides of nitrogen, thus : — 

2KI + 2SO2H02 = I3 -f SO2K02 + SO2 + 20Ha. 
2KI + 4NO2H0 = I2 + 2NO2K0 + N2O4 + 2OH2. 

On fusing an iodide with SO2H0K0, iodine is likewise liberated, 
thus : — 

2KI + 4SO,HoKo = 3SO,Ko, + SO, -f I2 + 20H,. 

On examining for traces of iodine by acting upon an iodide with chlorine or 
bromine, excess of the latter elements must be carefully ayoided, as the iodine 
forms with the chlorine or bromine colourless chloride or bromide of iodine, and 
destroys the blue colour of iodide of starch, or the ylolet colour of the carbonic 
disnlphide solution. The blue colour of iodide of starch is also destroyed by 
yarious reducing agents, such as SO3, SH3, A83O3, SnCl3, and HersGlj, or by^ 
any oi^anic reducing body. Alkalies destroy the colour, dilute acids (eyen acetic 
acid) restore it again. On heating iodide of starch the colour disappears, but 
reappears on cooling. 

The destruction of the blue colour of iodide of starch by yarious reducing 
agents is due to the decomposition of water by the iodine, with formation of HI, 
the oxygen being transferred to the reducing agent, thus : — 

SOH02 (a dilute solution) + I, + OH2 = SOsHoj + 2HT. 

SHj + I2 = 2HI + 8. 

AsHos + la + OH2 « 2HI + AsOHos. 

Hydriodic acid is usually prepared by acting upon iodine sus- 
pended in water (or dissolved in hydriodic acid), with a current of 
8H2. Sulphur separates and is removed by filtration, and the 
solution of hydriodic acid concentrated by distillation. Its aqueous 
solution absorbs oxygen from the air, water being formed and 
iodine liberated, which dissolves in the undecomposed hydriodic 
acid, and imparts a brown colour to the liquid. 

Insoluble iodides have to be fused with alkaline carbonates. 
The aqueous extract is examined for iodine, and the residue for the 
metal. 

QUESTIONS AND EXERCISES. 

1. How would you extract iodine from Merl2? Giye seyeral methods, and 

express the changes by equations. 

2. Explain the action of heat upon solid iodides. 

3. Chissify all iodides according to their solubility in water. 

4. Explain how you would distinguish HCl, HJr, and HI, when occurring in 

one and the same substance. 

5. Explain the action of iodine yapour upon starch. 

6. Why is it preferable to Uberate iodine by means of VjOj, instead of by 

bromine or chlorine ? 

7. How would you prepare a solution of hydriodic acid ? 

8. How much iodine can be obtained from 100 lb. of Nal ? 

9. Giye graphic formulee for cuprous and mercurous iodides. 

10. Explain how you would cQstinguish free iodine in the presence of an 

iodide. 

11. What action takes place when a dilute solution of SO3 acts upon iodine, and 

how can iodine be made the measure for SOj and vice versd f 

12. 10 Utres of a mineral water yield '134 grm. of Agl ; how much iodine is 

there in 100,000 parts of the water ? 

K 
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IODIC ACID, 'I QTT ' — Fotassic iodate is obtained, like the oorresponding 

chlorate and bromate, by disftolving iodine in potassic hydrate. The iodate cxyBtal< 
lises out first, being much less soluble than KI. Tlie free acid can be prepand by 
decomposing baric iodate with sulphuric acid, thus : — 

roi 

1° Bao" + SOjHo, = 2|°2o + SO,Bao". 

LOI 

Iodic acid is also obtained by the action of strong boiling nitric add upon 
iodine, or by passing chlorine through iodine suspended in water. 

BEACTIONS IN THB DBY WAT. 

All lodates are decomposed upon ignition, some breaking up into an iodide, 
with evolution of oxygen ; others into metallic oxides, iodine and oxygen being 
expelled. When heated with charcoal they explode less yiolently than chloriteB 
or bromates. 

BEAOTIOVB IN THB WBT WAT. 

We employ A solution of potassic iodate, -j ?^ • 

Alkaline iodates alone are soluble in water. 

BaCl2 gives a tohite precipitate of baric Iodate, soluble in nitric add. 

N02Ago produces a white crystalline predpitate of argentic l«tetc« 
sparingly soluble in nitric acid, readily soluble in ammonic hydrate (distinctioit 
FBOM HI). On the addition of a reducing agent, e.ff,, SOHof, to the dear 
ammoniacEkl solution of argentic iodate, a precipitate of Agl is obtained, 
thus ; — 

{ O Ago + 3SOHoi - Agl + 3SO,Ho^ 

Potassic iodate is decomposed by SHj, with formation of potasdc iodide and 
sulphuric acid, and precipitation of sulphur; by SOH03, with separation of 
iodine, which (by the decomposition of water) is converted into hydnodic acid. 

A mixture of an iodate and iodide is decomposed by weak acids {e.g., acetic 
acid), with liberationof iodine. Traces of an iodate in potassic iodide can, there- 
fore, be detected by means of the deUcate iodide of starch reaction. 

lodates which give off iodine when they come in contact with varioiu reduc- 
ing agents, e.^., SOj, SSONaoj, SX1CI3, differ, however, in a marked manner from 
chlorates and bromates by remaining unacted upon by concentrated sulphorio 
acid, unless the action be assisted by deoxidizing agents, such as ferrous salts, 
etc. Instead of acquiring a less stable character by the interposition of the atoms 
of oxygen between the iodine and potassium, potassic iodate,* and still more to 
period ate (obtained by passing chlorine through an alkaline solution of potassic 
ioJate), is caoable of resisting the action of sulphuric acid far more readily than 
potassic iodide. Periodates are, in fact, not reduced by the ordinaiy reducing 
agents by which iodic acid is reduced, except by SHj. 

QUESTIONS AND EXERCISES. 

1. How are potassic iodate and periodate obtained ? Give equations. 

2. Explain the changes which iodates and periodates undergo upon ignition. 

• J. Thomson (Dcut. C hem. Gcs. Ber., vii, p. 112) deduces from the dif- 
ferences observed in the solubility of ddorates and bromat««, compared with 
t)iat of iodates, also the formation, by preference, of add salts with the alkali 
bases, and the faciUty with which iodic anhydride can be prepared direc*tly by 
heating the hydrated acid, that iodic acid must be viewed as a dibasic add, and 
lie assigns to it the fornuila: — 1205113, or I'"I'04(OH)3, and he derives periodic 
acid, lisIOeHs, or lf5l04(0H)3, by replacing the triatomio iodine atom by H9. 
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3. Explain the change which takes place when potassic iodate is act<ed upon — 

1st, by reducing agents, e.ff,, SOj, SHj, B'eCl2 ; 2ndly, hj concentrated 
sulphuric acid. 

4. A precipitate contains Agl and < qa„q' State how you would separate the 

two salts £rom each other. 

5. Explain the action of HI upon a mixture of KI and l qr * 



HYDBOFLUORIO ACID, fiUe".— Occurs in nature in com- 
bination chiefly with calcium in the mineral called fluorspar {Derby', 
shire spar), UaF2; also as double flaoride of aluminium and 
sodium in cryolite, GNaFjAlsFs. It is, moreover, met with in 
certain natural phosphates, e.g., coprolite, wavdlite, and in a few 
silicates, e.g., topaz, mica, hornblende, 

BBACTIONS IN THE DRY WAT. 

Heated out of contact with the air, most fluorides remain un- 
changed. Volatile fluorides can be distilled ; but wlien heated in a 
moist atmosphere, or if water be added, they are decomposed into 
oxides (ozjfluorides) and hydrofluoric acid. The changes which 
fluorides undergo in the dry way are of two kinds. 

1st. The fluoride gives off hydrofluoric acid gas which corrodes glass. 
— By heating a fluoride containing water in a piece of combustion 
tubing, open at both ends, before the blowpipe, the glass around the 
fluoride is attacked. The experiment may be carried out also by 
mixing a little microcosmic salt with the fluoride, and holding the 
tube in a slightly slanting position. 

By heating a mixture of a fluoride with hydric potassic sulphate 
in a test-tube, HF is disengaged, thus : — 

OaFa + 2S0aHoKo = SOjCao" + SOaKos + 2HF. 

The gas corrodes the upper part of the tube on account of its action 
upon the silica of the glass, with which it forms a gaseous compound, 
silicic fluoride, SiFi, thus : — 

4HF + SiOa = SiF4 + 20Ha. 

2nd. The fluoride is decomposed by hydric potassic sulphate in the 
presence of a borate, with formation of volatile boric fluoride, BF3. — 
By heatiug a mixture* of powdered hydric potassic sulphate and 
fnsed borax with the finely powdered fluoride, on the loop of a 
platinum wire, in a clear flame of a Buusen gas lamp, boric fluorido 
is disengaged, imparting a beautiful yellowish-green colour to the* 
flame, which is highly characteristic, although very evanescent. 

REACTIONS IN THE WET WAT. 

We employ A soiiUTiON op sodic fluoride, NaF. 

• 10 mol. of SOjHoKo ( = 10 x 136). 
3 mol. of OaFj ( = 8 x 78). 

1 mol. of B405Nao3 202. 

K 2 
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Most metallic flaoridea are eolid; others, ^ain, ench as the 
flnorides of the metals whose higher oxides poBsess acid properties, 
form Tolntile, faminfr, highly corroBiTe liquids, or are gaBeoos at 
the ordinary temperature. 

Fluoride* are either soluble in water and more or less raTstaUine, 
such aa KF, NaF, AmF, AgP, SnF^ Pe^F,, HgF^ AliF* or 
insoluble or very sparingly soluble in water, and amorphous when 
obtained by precipitation, e.g., CaF„ BaP„ PbFi, ZnF,, CuF,. 

The reactions which a soluble flnoride gives by doable decora- 
poeifion with solntiona of salts, whoso metals form insoloble 
fluorides, are not very characteristic. 

BaClj produces a hullcy white precipitate of taarle flacridc, BaFi, 
Bolnble in iiydrochloric a«id and in mach ammonic chloride. 

CaCli (or CaHoi) gives a gelatinous tratislueeat precipitate of 
e«lclc Nuorlde, CaFi, which becomes visible by the addition of 
ammonic hydrate. CaF, is slightly solnble in cold hydrochloric or 
nitric acid, difficultly soluble in boiling hydrochloric acid, lees 
soluble iu acetic acid, insoluble in free hydrofluoric acid, soluble to 
some extent in ammonic chloride. 

NOjAgo produces no precipitate. (Distirction bbtweem HF 
AND HCI.) 

It is preferable to test for HF by the reactions baaed npou the 
formation of gaseons SlFj or BF^ 

All fluorides (soluble or insoluble) are decomposed on heating 
with coacentrated sulphuric acid, with disengagement of HF, a 
metallic sulphate being left, thus : — 

CaF, + SOiHo, = 2HF + SO,Cao". 

The experiment ia beet performed bjlreatttig the fluoride with mlphurietad 
in a smnll Itnden cup heated over a water-batili (Fi|;. 17), and conneited wilh ■ 
Iradcn Btill and U-tube, aurroaiuUd wiU) k*, 
for the condenration of the acid. 

Hydroflnoric acid gas is highly 
corrosive, and should not be inhaled. 
If it comes in contact with silica {e.g., 
iu glass), SIF, is formed. The glass 
becomes corroded or etched. . 

Its action upon glara ma; be ahomi alio 
by ooTerine a platinum crucible, containing 
a little finely powdered fluoride and concen- 
trated sulphuric acid, with a piece of gla**, 
Tapour of the eTolrcd hjdrofluorio acid coirodei the 
;lion of the hydrofluoric aoid becomee apparent when the ^aai ii 
ooTcrea with a thin layer of melted wai, and aome deaign scnttched on th* wued 
aide with apointvd iaatrument. The gai acta upon the unprotected portion of 
the Rlaaa. To preient tlie melting of the wsi, a little cold water i> kept on the 
l>at«h-|tlau. The deiign will be found etched more or less deeply into the glaw, 
after the remoral of llie wai. Mere tracea of a fluoride are thus detected, snd aa 
no other subatance attacks glau aimilarl;, the reaction ia perfectly ohanicteriatic 
for hydrofluurio acid. 

If the fluoride contain much silica, snlphnric acid disengagea 
silicic flnoride instead of hydroflnoric acid, which does not attack 
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glass ; but when passed into water — ^best bj letting the delivery- 
tube dip into a little mercury — ^it is decomposed into hydrofluo- 
silicic acid and into SlHo^, thus : — 

3SiF4 + 4OH3 = SiHo4 + 2(2HF,SiF4). 

This reaction is employed for detecting fluorine in silicates, or if 
applied to fluorides which are free from silicar, some finely powdered 
quartz or glass is first mixed with the fluoride, bofore treating with 
Bulphuric acid, and passing the silicic fluoride into water. 

The experiment may be performed in a glass flask or small stone ware bottle, 
provided with a wide deUvery-tube, which dips under mercury contained in a 
small porcelain cup at the bottom of a beaker or glass cylinder. Care should be 
taken that the inside of the delivery-tube remains perfectly dry, when the re- 
ceiving yessel is filled with water. A mixture of one part by weight of finely 
powdered fluorspar, and one by weight of fine sand is introduced into the glass 
or stone ware vessel. Seven to eight purts by weight of oil of vitriol are added, 
and the whole shaken up together and gently heated upon a sand- (or water-) 
bath. Each bubble of the evolved Sib^, on passing through the water, is 
decomposed, with separation of gelatinous silica, which after a time fills the 
whole glass vessel in the form of a dense jelly. The silica is separated by strain- 
ing through a cloth from the hydrofluosilicic acid, which may be returned to the 
glass cylinder, and a fresh quantity of SiF4 passed through, till the acid solution 
has become sufficiently concentrated. 

Silicates containing fluorides which are not decomposed by sulphuric acid, are 
fused with four parts of fusion mixture. The fused mass is extracted with water 
and filtered. The filtrate contains the fluorine in the form of alkaline fluorides 
together with alkaline silicates. On slightly acidulating with dilute hydrochloric 
acid to decompose the excess of alkaline carbonates, and then digesting with 
ammonic hydrate, SiHo4 is precipitated, which can be filtered ofl', leaving the 
alkaline fluoride. On adding CaHoj or CaClj, and digesting at a gentle heat, a 
gelatinous precipitate of OaF2 is obtained, which is filtered off, dried, and 
examined. If phosphoric acid be present, the precipitate contains PsOsCao^'g, 
as well as CaFj, which does not, however, interfere with the disengagement of 
hydrofluoric acid gas. 

InMoluhle fluorides, e.g.^ CaF2, are not completely decomposed by fusion with 
alkaline carbonates, unless SiOs be present. 

QUESTIONS AND EXERCISES. 

1. Which are the most important natural compounds of fluorine ? 

2. What changes do solid fluorides undergo when heated by themselves ; 2ud]y, 

when mixed with microcosmic salt or hydric potassio sulphate ? 
8. How is BFg formed, and why does it furnish us with a characteristic reac- 
tion for fluorine or vice versd for boron ? 

4. Classify fluorides according to their solubility in water. 

5. Describe some characteristic reactions for fluorine in the wet way. 

6. How would you distinguish gaseous HCl from HF ? 

7. How is hydrofluoric acid gas prepared ? Explain its action upon glass. 

8. How would you test for small quantities of a fluoride P 

9. Explain the action of concentrated sulphuric acid upon a fluoride containing 

much SiO]. 

10. How is fluorine delected in silicates decomposable by SO2H02, containing 

traces of a fluoride ? 

11. How can fluorine be detected in a mineral containing a silicate which is 

not decomposed by sulphuric acid, some phosphate, and traces of a 
fluoride P 

12. How would you prepare KF, AmF, and hquid HF P 
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HYDROFIiUOSIIilCIC ACID, 2HF,SiF4.— Obtainect by paasing silicic 
fluoride into water and separating the precipitated silica by filtration. 

It forms salts, called silicofiuorides, or fluosilicates, on acting upon metallic 
oxides, hydrates, or metals, such as Fe or Zn (these latter with erolution 
of hydrogen), of which the potassic and baric silioofluoridee are the most 
interesting. 

BEACTIOKS IN THE DBT WAT. 

Silicofluorides are decomposed by heat into fluorides, with diflengagemeni of 
silicic fluoride. 

BB40TI0NB IN THE WBT WAY. 

A CONCENTBATED SOLUTION OF THE AOID may be employed. 

On evaporating a solution of hydrofluosilicio acid in a platinum yessel, it 
TolatUizes, and is decomposed into SiF4 and 2HF. The add ought not, there- 
fore, to be heated in a glass yeesel. 

A few silicofluorides, e,g.y 2E:F,S1F4, 2NaF,SiF4, BaF3,SiF4, are difficultly 
eoluhle in water^ and are rendered quite insoluble by the addUion of aXcohA, 
Most other metallic silicofluorides are readily soluble in water. 

BaClj precipitates translucent crystalline baric sllic«flQoride, BaFi,SiF4, 
which falls out yeiy readily. The precipitation is complete on tihe addition <& 
an equal Tolume of alcohol. Strontium is not precipitated from conoentnted 
solutions, (Distinction between barium and btbontium.) 

KCl giyes a translucent gelatinous precipitate of dlpotasslc slllc^llu^rliCt 
2KF,SiF4. 

AmHo separates SiHo4 and forms AmF. 

On heating a metallic silicofluoride with concentrated sulphuric acid in a 
platinum crucible, coyered yrith a watch-glass, the glass becomea corroded or 
etched. 

QUESTIONS AND EXEECISES. 

1. How is 2Hr,SiF4 prepared? 

2. State how 2HF,SiF4 acto upon KHo, OH,, Fe, OuO. 

8. What decomposition takes place when silicofluorides are heated — Ist, by 

themselves ; 2ndly , yrith concentrated SO2H0S P 
4. How is BaFs, SIF4 obtained ? 
6. What proportions by weight of CaFs, SiO^, and SO^Hoj, are required lor 

tiie preparation of 2HF,SiF4P 



PHOSPHORIC ACID^ POHo,.— This add is never met with 
in the free state in natui'e, but invariably in combination with 
bases, snch as GaO, MgO, AlsOs, FeO, Fe,09, PbO, as hw^ 
ash, somhrerite, coprolite, apatite^ wagnerite, tcavelUte^ vivianiU, 
pyromorphite^ etc. 

REACTIONS IN THE DBT WAY. 

Normal phosphates of fixed bases are not decomposed upon 
ignition. Mono- and di-hjdric normal phosphates lose water, and 
are converted into pyro- and metaphosphates, thus : — 

(1) 2POHoNao, = P^OrNTao* + OH,. 

Sodic 
pyrophoephate. 

(2) POHcNao = PO,Nao -f OH,. 

Sodic 
metapbosphate. 
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Fusion with caustic or carbonated alkalies converts pyro- and 
metapbosphates into normal or orthopbospbates. Boiling with con- 
centrated acids (N02Ho) affects this conversion likewise. 

Alkaline eartby pbospbates are only partially decomposed by 
fasion with alkaline carbonates ; most others, e.g,, magnesic, ferric, 
zincic, nickelons, manganons, cnpric phosphates are completely de- 
composed. The solution contains trisodic and tripotassic phosphates. 
PsOsAlsO^ can only be decomposed by fusion with silicic anhydride 
or sodic silicate (water-glass) and fusion mixture,* being converted 
into Bodic aluminic silicate and trisodic phosphate. (Gomp. p. 46.) 

REACTIONS IN THE WET WAY. 

We employ a solution of hydric disodic phosphate, POHoNaoa. 
All phosphates may be divided into — 

Ist. Phosphates which are soluble in water, comprising the 

iJkaUne phosphates only ; their solutions react alkaline ; 

and 
2nd. Phosphates which are insoluble in water , but soluble in 

mineral acids (some also in acetic acid), comprising all 

other metallic phosphates. 

The following are some of the more important reactions by 
double decomposition : — 

BaCla vields a white precipitate of hydric baric phosphmte, 
POHoBao , difficultly soluble in ammonic chloride, soluble in nitric 
or hydrochloric acid. 

CaCl^, or SOsCao" produces a white precipitate of hydric calcic 
(or tricalcic) phosphmte, POHoCao", readily soluble in mineral acid8,t 
soluble in acetic acid, after being freshly precipitated, difficultly 
soluble in ammonic chloride. 

SOsMgo" (or better still MgCls) in the presence of AmCl and 
AmHo produces a white crystalline, quickly subsiding precipitate of 
annnonlc masneslc phosphate, POAmoMgo'' + 6 aq., insoluble in 
ammonic hydrate, readily soluble in acids, even acetic acid. A 
highly dilute solution of sodic phosphate is only precipitated after 
some time. The precipitation is promoted by stirring and allowing 
the liquid to stand in a warm place, when the precipitate is seen to 
adhere, in the form of white streaks, to those parts of the glass 
vessel which have been touched by the glass rod. Arsenic acid 
gives an analog^s pi-ecipitato. 

This is ihe most is^Mrtant reaction for POH03; it is almost 
invariably resorted to, both for the recognition of magnesia and 
phosphoric aoid* 

NOsAgo gives a light yellow precipitate of trlarscntlc phosphate, 
POAgOs, soluble in ammonic hydrate and in nitric acid. 

* One part of SiOj, together with six parts of fusion mixture. 

t PjOaCao", + 4NOsHo = PSO2H04C110" + 2 Jo^***"- 

Soluble tetrahjdric 
calcic diphosphate, reprecipitalod by AmHo. 
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( < no^ r*^^"' Pl^i*'^^® acetate, prod aces a white precipitate of 

plambtc phosphate, P203pbo"3, readily soluble in nitric acid, almost 
insoluble in acetic acid, as well as amnionic hydrate. If the pre- 
cipitate is fnsed before the blowpipe on charcoal, the bead appears 
crystalline on cooling ; no reduction to the metallic state takes place. 

Fe2Gl6 gives a yellowish-white gelatinous precipitate of ferric 
phosphate, P302Fe20^, soluble in hydrochloric acid. The ferric salt 
should be added drop by drop, sufficient to just impart a red tinge 
to the supematent solution, since the precipitate is somewhat solable 
in excess of ferric chloride. Sodic acetate must be added to remove 
the two molecules of free hydrochloric acid resulting from the 
reaction, which would otherwise dissolve some of the precipitate. 

When phosphorio acid has to be remoyed from a phosphate dissoWed in 
hydrochloric acid, e.^.f from the alkaline earthy phosphate, PaOjCao^s, ihe free 
acid is nearly neutralized with ammonic hydrate or ammonic carbonate, and 
then sodio acetate added, which, by double decomposition with the free hydn>> 
chloric acid, forms sodic chloride and free acetic acid, in which the precipitate, 
produced by a slight excess of ferric chloride, is absolutely insoluble. The mix- 
ture is heated to boiling, a reddish-brown precipitate is obtained, which contains 
the whole of the phosphoric acid, together with some basic ferric acetate. It must 
be filtered hot, and washed with hot water ; the filtrate contains the alkaline 
earthy bases as chlorides. — (Comp. also p. 86 and 37.) 

Small quantities of phosphoric acidy in the presence of large anumnts of a 
ferric salt^ such as we meet with in solutions of iron ores, of pig iron, steely 
etc., are best remoTed by first reducing the ferric to ferrous salt by boiling 
with SOHoAmo, neutralizing with OONaoj, and lastly with sodic acetate ana 
precipitation with a few drops of ferric chloride (or by reoxidizing a small portion 
of the ferrous salt by the addition of a little chlorine water, or a drop or two of 
bromine). The whole of the phosphoric acid is usually precipitated in this 
manner. Loss arising from the solvent action of ferric acetate is avoided, as 
ferrous acetate does not dissolve ferric phosphate. 

This method is employed with advantaeo in the examination of iron ores, ete. 
The precipitate is filtered hot, redissolved in dilute HCl, and the phosphoric 
acid precipitated in the presence of citric or tartaric add, AmCl and AmHo, by 
means of magnesic sulphate. 

AsOHoa exhibits with ferric chloride a similar reaction, and has, 
therefore, to be separated from an acid solution, by boiling with 
SOHoAmo and precipitation by a current of SH, gas. 

Small traces of phosphorus (phosphoric acid), usually found in soils, 
iron ores, in pig iron, steel, sheet copper, etc., may also be precipitated 
after dissolving the ore or metal in hydrochloric and nitric acids, 
whereby the phosphorus is converted into POH09, and after driving 
off the excess of acids by evaporation and taking np of the residue 
with concentrated nitric acid, by adding a solution of ammonic 
molybdate and concentrated nitric acid ; the silicic acid is separated 
by the evaporation to dryness, and arsenic acid, if present, should be 
first removed by sulphuretted hydrogen. On digesting the solution 
at a gentle heat (60° G.) for some time (hours if necessary), and 
stirring with a glass rod, a bright yellow precipitate of mmummmie 
phospbo- molybdate is obtained. 

The constitution of this precipitate is not well understood ; we 
know merely that it contains molybdic acid, ammonia, and phos- 
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phoric acid* (about 3 per cent.). By washing the yellow precipitate 
with a solution of amnionic molybdate, and lastly with a solution of 
ammonic nitrate, and then dissolving it in amnionic hydrate, filter- 
ing, and adding SOgMgo", AmCl, and AmHo, the phosphoric acid is 
obtained as POAmoMgo" . 

White of egg (albumen) is not coagulated by tribasio phosphoric acid, nor by 
a solution of an orthophoephate acidulated with acetic acid. 



FTROFHOS PHORIC ACID, F3OSH04.— Pyrophosphates are obtained 
by heating monohydrio phosphates. They are of little importance, ho weyer, since 
they are not usually met with in natural compounds, and as they are speedily 
oonyerted, by the action of acids or alkalies, into tribasic phosphates. 

BEACTIONS nr THB WBT WAT. 

We employ A solution of bodic ftbofhosfhate, PjO,Nao4. 

Alkaline pyrophosphates are soluble in water. 

All others are insoluble in watery hut soluble in dilute acids. 

The presence of a soluble pyrophosphate is indicated on adding VO^Ago, 
which giyes a white precipitate of argentic pyrophosptaate, P]08AgO4i 
soluble in nitric acid and ammonic hydrate. 

Albumen is not coagulated by the free acid, nor by an acetic solution of a 
pjToph osphate. 

KOjAmos (amnionic molybdate) does not giye a precipitate, until by the 
action of mineral acids the pyrophosphate has been conyerted into tribasic phos- 
phate. 



METAFHOSFHORIC ACID, PO2H0, is distinguished fiom the tetra- 
and trilNisic acid as follows : — 

Albumen giyes an abundant white precipitate with the free acid, and with 
soluble metaphospbates, on the addition of acetic acid. 

SOsMgo , AmCl and AniHo fail to precipitate soluble metaphospbates. 

VOjAgo produces a white precipitate of aryentlc metaptaosptaatc. 

In tiie ordinary course of analysis both pyro- and metaphospbates are con- 
yerted into tribasic phosphates, and their tetrabasic and monobasic nature is 
lost sight of. They can, therefore, only be detected by special experiments. 



PHOSFHOROIJfl ACID, PHos (tribasic). — Phosphorous anhydride is 
obtained by the slow oxidation of phosphorus on exposure to dry air at the ordi- 
nary temperature. By combining with water it forms a yery weak acid, and 
with hydrated alkalies alkaline phosphites. 

BBACTIONS IK THE DBT WAY. 

Heated by themselyes on platinum foil, phosphites are decomposed, burning 
with a bright flame. Heated in a retort they eyolye hydrogen, mixed towards 
the end of the decomposition with PH^, and are conyerted into phosphates. 

BBACTIOK8 nr THB WXT WAT. 

A BOLTTnoN OF 80DIC FH08PHITB, PHoNaosi may be employed. 
Alkaline phosphites are soluble in water. 

All other phosphites ctre,for the most part, difficultly soluble or insoluble in 
water, but soluble in acetic acid (plumbic phosphite excepted). Phosphites (as 



• MojOa, 90-7 P.O. ; 'Bfii, 31 P.O. ; OAm^ 3*6 P.O., and OHj, 2 6 P.O. 
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well as* bjpophoBpbites) are of interest maixily on account of the powerful 
redwing action which they exert upon salts of various metallic oxides, capable of 
forming lower oxides, or of being reduced to the metallic state, as well as upon 
the lower oxides, etc., of metalloids, e,g., SO^. 

NOjAgo is reduced thereby to metallic silyer, especially in the presence of 
ammonia and on the application of a gentle heat. 

HffCl] and ISiOiHg^", are reduced to Her^Gls and metallic merenry. 

S0» forms a phosphate with liberation of sulphur and evolution of SEj. 

Nascent hydrogen yields a mixture of H3 and PHg which fumes in the air and 
bums with an emerald-green colour. When passed into a solution of argentic 
nitrate, the gaseous mixture precipitates PAgj and metallic silver. 

The difficultly soluble phosphites of Ba, Ca, Pb, etc., are obtained by doable 
decomposition, the latter salt being insoluble in acetic acid. 



HTP0PHO8PHOROUB ACID, POH2H0 (monobasic).— Obtained by 
the action of alkalies or hydrates of the alkaline earthy bases upon phosphomi 

and water. 

P4 + SOHj + 3KHo « ?POH,Ko + PH,. 

BBACTIONB IK THB DBT WAT. 

Hypophosphites are decomposed upon ignition into pyrophosphates and 

PHs. 

4POH2K0 « PjO,Ko4 + 2PH, + OH,. 

BEACTioirs nr thb wbt wat. 

A BOLTTTiON OF FOTAS8I0 HTF0FH08FHITB may be employed. 

All hypophotphitea are soluble in water. They constitute even more powerful 
reducing agents than the phosphites. 
' Nitric acid or chlorine water changes them into phosphates. 

SOjHos is reduced to SOHo,, parUy even to sulphur. 

SOsCuo'' is reduced to metallic copper (cupric hydride). 

TLgCli is reduced to Hflr^lj, and then to mereury. 

AuClg and VOjAgo yield the pure metals. 

Zn + SOsHo, (nascent hydrogen) yield H, and PH^. 

In the ordinary coarse of analysis, both phosphorotiB and hyjpo- 
phosphorous acids are converted into phosphoric acid, and they 
must therefore be identified by the special reactions just described. 

QUESTIONS AND EXERCISES. 

1. How does phosphoric acid occur in nature ? 

2. Explain we action of heat upon POHo|Nao, POAmoMgo^', and 

POHoAmoNao. 
8. How are meta- and pyrophosphates converted into tribasio phosphates P 
4. Explain the action of potassio hydrate or carbonate upon PjOsFeiO**! 

PaOjCao'^si PsOsCuo'V POHoBao'', in the wet and dry way. 
6. How can PjOiAliO** be decomposed P 

6. Classify all phosphates, pyrephosphatee, phosphites, and hypophoephitM 

according to their solubility in water. 

7. Explain Uie solvent action of HCl or KOjHo upon the alkaline earthy 

phosphates. 

8. How is phosphoric add removed from alkaline earthy phosphates P 

9. State how you would detect phosphoric acid in a soil or iron orei or 

phosphorus in metallic copper or cast iron. 

10. What is the approximate composition of ammonic phospho-molybdate P 

11. Wliich reactions enable ut to distinguish between tribasio, tetrabaaica and 

monobasic phosphates P 
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12. How would you prove the presence of magnesic, as well as of potassic phos- 

phates in wheat flour, pale ale, and in cheese ? 

13. How would you prepare POUtHo and (POH3)tCao'' ? 

I'k How are calcic phosphite and potassic hypophosphite acted upon bj heat P 

15. What are the products of oxidation, obtained on burning PHj in air? 

16. Sxplain the deoxidizing action of phosphites and hypophosphites. 

17. How can potassic hypophosphite be detected in the presence of potassic 

phosphite and phosphate ? 

18. How would you prepare gaseous PH3P What is its action upon solutions 

of cupric sulphate and argentic nitrate ? 

19. Oiye symbolic and ^phic formuks for gaseous phosphoretted hydrogen, 

calcic hypophosphite, cupric phosphide. 

20. Express by a symbolic equation the change which POHjHo undergoes when 

it is acted upon by 8O2H02, by SOsCuo", or by AuCls. 

21. How would you oonyert bone-ash into a soluble calcic phosphate (into 

PsOjHofCao" — a constituent of calcic superphosphate) ? 

22. 6*4 grms. of cast iron yielded *046 of PfOsMgo'^s ; what is the percentage of 

imosphorus in the iron P 



SILICIC ACID, SiHo4. — Silicic anhydride or silica, BiOa, 
occurs in nature both in a crystalline and amorphaua condition, 
either in the free or combined state. QuaHz and rock crystal are 
composed of ahnost pore OTBtalline silica. Opal, hyalite, and some 
other minerals consist of amorphous silica, and are probably deriyed 
from silicic hydrate by a process of slow dehydration. Other 
silicious bodies, such as chalcedony, agate, flint, are principally com- 
posed of amorphous silica, or of a mixture of the two. ( 

The compounds of silica with bases, especially with OK3, ONas, 
CaO, MgO, AUOs, FeO, MnO, are exceedingly numerous, and yarj 
to a very great extent in their constitution and properties. 

BEAOTIONS IN THE DRY WAT. 

Both varieties of silica are characterised by their infusibility 
when heated by themselves before the blowpipe, or in a bead of 
microooemic salt. Pure silica fuses with sodic carbonate to a clear 
glass, which remains transparent on cooling. If a silicate be heated 
in like manner with microcosmic salt, its base or bases are dis- 
solved, while the silica is seen to float about in the liquid bead as a 
silica skeleton. Silicates containing coloured oxides give rise to 
opalescent beads, in which the SiOa can be distingaished only with 
difficulty. 

When silica, or a silicate rich in silica, is heated before the blow- 
pipe with sodic carbonate, the SiOt displaces the COa, and forms a 
clear glass of sodic silicate. The alkaline carbonate should not be 
employed in excess. Calcic and magnesic silicates do not dissolve 
to a clear bead as a rule. 

Beyond identifying silica and obtaining a general knowledge of 
the nature of any sihcate under examination, respecting its fusi- 
biliiy, state of hydration, etc., the blowpipe reactions fail to supply 
distinguishing tests regarding the chemical composition of these 
bodies, since a very large number of silicates differ fix>m each other 



140 ANALYSIS OP SILICATES. 

merelj in tlie relative proportions of their component metallic 
elements. 

KEACTIONS IN THE WET WAY. 

All silicates may be divided into — 

1. Silicates, which are soluble in water^ including only potassic 
and sodic silicate ; and 

2. Silicates, insoluble in water, including all others. 

These latter silicates are either soluble in concentrated hydro- 
chloric or sulphuric acid, or partly soluble and partly insoluble^ or 
lastly, insoluble in these a^cids. 

All insoluble silicates are attacked by hydrofluoric acid, with 
disengagement of silicic fluoride, or by fusion mixture (or caustic 
baryta) at a high temperature. 

By treating an aqueous solution of sodic silicate, SiNaoi, with 
dilute hydrochloric acid, it is decomposed into NaCl and 8iHo4. 
The latter remains either dissolved in the acid, or is partially sepa- 
rated as a flaky or gelatinous mass. On evaporating in a porcelain 
dish over a water-bath, the gelatinous mass becomes firmer, and can 
be broken up, by means of a glass rod, into lumps, which speedily 
lose their water, leaving anhydrous silica, especially on being ignited 
on a sand-bath, as long as acid fumes are evolved. The dried mass 
is treated with a Httle concentrated hydrochloric acid and hot water, 
when NaCl is dissolved out (together with small quantities of Al 
and Fe — impurities in the sodic silicate). The impalpable powder 
of amorphous silica is thrown on a filter and washed with hot water, 
dried and ignited. 

AmCl or COAmo2 precipitates BlHoi from a solution of sodic 
silicate. Salts of most of the heavy metals, as well as of the alka- 
line earthy metals, form by double decomposition with a soluble 
silicate, white or yellowish-white silicates, soluble in dilute hydro- 
chloric or nitric acid, which, however, possess no characteristic 
properties. It is, therefore, necessary to remove the silica in order 
to detect bases, by evaporating to dryness with hydrochloric acid. 
On digesting the dry mass with a little hydrochloric acid, the 
metallic oxides are disisolved, and can be separated by filtration from 
the silicic anhydride. SiOs, like PaOt, is detected whilst testing for 
bases. 

Most natural and artificial silicates are insolithle in water. Many, 
e.g,j zeolites, as well as certain artificial silicates, such as slags from 
blast furnaces, etc., are decomposed on digesting the finely powdered 
silicate with concentrated hydrochloric acid. The gelatinous mass 
is evaporated to dryness on a water-bath, when amorphous silica 
separates. 

Silicates, such as kaolin, which are not dissolved by hydrochloric 
add, can frequently be decomposed, either partly or wholly^ hy hoi 
concentrated sulphwric a^cid; many natural silicates yield more or 
less silica, on treatment with hydrochloric acid, which silica may be 
taken to represent the soluble silica or the decomposable silicates, 
leaving the greater portion of the mineral behind in an inaolnble 
condition. 
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SUiea, or silicates insoluble in acids, are readily attacked by 
gaseous hydrofiuoric acid, or by fluorspar and BOaHos, gaseous SiF^ 
being given off. This method is invariably resorted to whenever 
alkalies are present in a silicate, as e.g., in felspar, Si«08Ko^Ai^o'^. 
A little of the finely powdered silicate is moistened with strong 
ammonia, pnt into a platinum crucible or small platinum capsule, 
and exposed to the action of gaseous HF. This gas should be gene- 
rated in a leaden or platinum vessel. The platinum crucible is to 
this end placed in a small leaden basin, which can be closed with 
a lid of the same metal. A layer of fluorspar is put at the bottom 
of this vessel, mixed and covered with concentrated sulphuric acid. 
The platinum crucible rests on a leaden tripod. The leaden vessel 
after being covered and luted with moist linseed meal, is placed for 
a day or two in a warm place. The crucible is then taken out, and 
its contents cautiously evaporated by applying a gentle heat, as 
shown in Fig. 18, from the upper part of 

the crucible downward, till the whole of i • 

the ammonic fluoride has been driven oK 
The dry residue is dissolved in hydro- 
chloric acid, and tested for bases. A 
small residue is usually left, which is 
filtered ofi* and treated once more in the 
same manner. 

The same result may be obtained more 
expeditiously by treating the mineral in 
a platinum crucible with liquid hydro^ 
fluoric acid, and evaporating cautiously 
in a closet which stands in connection 
with the chimney, and which has a good 
in-draught of air. The residue is dis- 
solved in hydrochloric acid. Any inso- 
luble residue which may be left is sepa- fio. is. 
rated by filtration and treated again 

with hydrofluoric acid. This treatment has generally to be repeated 
several times, before the whole of the bases are obtained in a soluble 
condition. 

Treatment with OaFj and concentrated S02Hoa is objectionable, on account 
of the formation of insoluble SO^OsCao'^ 

All silicates insoluble in water and acids, no matter whether they 
contain alkali metals or not, may be decomposed by fusion with alka- 
line carbonates (fusion mixture). They are first ground up very 
finely in an agate mortar, then intimately mixed with three to four 
times their weight of fusion mixture and heated in a platinum 
crucible ad long as any CO2 is given ofi*. This may be done over a 
good Bunsen gas lamp or by means of a Herapath gas blowpipe. 
(A platinum crucible can be employed with safety only when the 
absence of easily reducible and fusible metals has been established 
by a preliminary examination of the silicious substance in the dry 
way.) The silica is thus obtained in combination with the alkalies 
and dissolves in hot water, and the bases (CaO, MgO, AlaOs, 
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Fe^Os, etc., etc.) are left as insolnble oxides or carbonatefl, and 
may be separated by filtration ; or the whole mass is at once treated 
with dilate hydrochloric acid and evaporated to dryness. Silicic 
anhydride is left, and the bases are removed as chlorides by filtra- 
tion. It is obvious that we mnst examine for the alkali bases in a 
separate portion, by treatment with hydroflnoric acid. 

Pare amorphous silica dissolves completely, when boiled in a 
platinum vessel with an aqueous solution of fixed caustic or car- 
bonated alkalies. 

SiOs IB separated from TiOs (titanic anhydride) by fonon with SOjHoEb 
in a platinum crucible, and subsequent treatment with water ; the SiOj remaint 
undissolyed. The TlOj is precipitated from the aciduhited aqueous solution bj 
long-continued boiling. 

QUESTIONS AND EXERCISES. 

1. Give instances of crystalline and amorphous silica. 

2. Describe the reactions for SIO3 in the dry way. 

3. Classify silicates according to their solubility in water and adds. 

4. Explain the action of HF, or of OaFj and oonoentrated SO^Hos, upon 

silicates. 

5. Describe how amorphous silica is obtained from SlNao^, from quartx, or from 

felspar. 

6. How would you ascertain the presence of potassium or sodium in a silicst^i 

soluble in HCl, and in a silicate, insoluble in HCl, 0.^., in Bobemiaa 
glass P 

7. What is the action of caustic and carbonated alkalies upon mmorptufiu 

silica? 

8. How is TIO3 separated from SiOj ? 

9. How is silicon detected in pig-iron P 



BORIO ACID^ BH03 (Orthoboric acid).— Is found in natai«, 
both combined and in the free state. 

BEAOTIONS IN THE DRY WAT. 

Most borates swell up when heated by themselves, and fuse into ft 
transparent glass which dissolves metallic oxides, producing vanons 
colours. The free acid forms scaly crystals, possessing a pearlj 
lustre and feeling peculiarly greasy to the touch. 

When heated to 100° C. the crystals lose water and become con- 
verted into metaboric acid, BOHo. This acid fuses to a colourless, 
transparent, glassy- looking mass, — baric anhydride^ B2O3, which can 
be kept in a liquid condition without loss from volatilisation. 

A mixture of BOiHoKo and a borate, heated on a platinum wire 
in a blowpipe flame, imparts a green colour to the flame, owing to 
the liberation of boric acid. 

To detect traces of boric acid before the blowpipe, the borate i« 

?owdered and mixed with BOiHoKo and OaF,.* (Com p. page 131). 
'he mixture is made into a stiff paste with a few drops of wutt'r, 

* Thret' to four parts of the flux (consisting of ono part of povrdervd CaF, 
and four and a half to fire parts of SCVIoKo). 
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and caationslj introdnced, on the loop of a platinnm wire, into the 
inner blowpipe flame, when the oater flame acq aires momentarily a 
yellounsh-green tint, owing to the volatilisation of boric flnoride, BFs. 
Phosphates as well as copper salts, when moistened with sulphnric 
acid and heated in the outer flame, give likewise a green tint to the 
flame. 

REACTIONS m THE WET WAY. 

We employ A solution op borax, Bi06Nao2. 

The alkaline borates are soluble in water, all others are difficultly 
soluble, hut none are absolutely insoluble. All borates dissoVoo in adds 
athd ammonic chloride. 

The precipitates produced by double decomposition of a soluble 
alkaline borate with salts of the alkaline earths, or with plumbic, 
argentiCi mercurous, or ferrous salts, etc., are white or yellowish 
white, and are readily soluble in acids and ammonic chloride. 

The free acid dissolves in water and alcohol, and its solutions 
impart to a Bunsen gas flame a, fine green colour. An alcoholic solu- 
tion placed in a porcelain dish bums, when ignited, with the same 
characteristic flame, and the colour becomes all the more perceptible 
when the burning alcohol is stirred with a glass rod. It does not 
show in the presence of alkaline hydrates or carbonates, or of any 
other base. The reaction is equally vitiated by the presence of sodic 
or calcic chloride-, or even by the presence of small quantities of an 
alkaline tartrate, free tartaric or phosphoric acid ; but the green 
becomes again perceptible on the addition of a little concentrated 
sulphuric a,cid. 

A green flame (of a somewhat greemsh-blue tint, however) is obtained also 
by heating many metallio chlorides with alcohol and concentrated solphuric acid 

r cJT 

(owing to the formation of ethylio chloride, * or'cP' ^^ ^^ passing hydro- 
chloric aoid gas into the flame of burning alcohol. 

Boric acid, when combined with bases, requires first to be 
Hberated. by the addition of a little concentrated sulphuric acid, 
hefore its alcoholic solution can pi*oduce the green flame. 

If a borate cannot be decomposed by sulphuric acid, it is fused 
with potassic hydrate, and the fused mass taken up with alcohol! 
On the addition of concentrated sulphuric acid, the burning alcohol 
shows the characteristic green flame. 

An aqueous solution of boric acid cannot be evaporated without 
loss of acid from volatilisation. 

An alcoholic solution of boric acid colours turmeric paper reddish 
hrown, especially on drying the strips of paper in a warm place (a 
water-oven). This colour becomes more intense in the presence of 
hydrochloric or sulphuric acid (even in the presence of nitric or 
tartaric acid). The colour produced by heating turmeric paper 
with hydrochloric acid is blackish brown, and must not be con- 
founded with the colour produced by boric acid. The dried paper 
acquires a blackish tint when dipped into alkalies. 
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Hydrofluoric acid (or SO3H0] and OaFj), decomposes all borates, with for* 
mation of volatile boric fluoride, thus : — 

BfOtNaos + 60aF, + 7SO3H0, » eSOHosCao' + SOjNao, -I- 4BF, -i- OH,. 

and if the gaseous boric fluoride be passed into water, it forms a peculiar aoid — 
hydroflnohorio acid — the constitution of which is not well understood, thus : — 

4BF, + 80H, = 3(BF3,HF) + BHo,. 

Hjdrofluoboric 
acid. 

This aoid combines with bases, forming borqfluarides orjlmohoraist, thfu : — 

BFa,HF + KHo = BFj,KF + OH,. 

QUESTIONS AND EXERCISES. 

1. How is metaborio acid obtained ? 

2. Explain the reactions in the drj waj for boric acid or borates. 

3. Clasdif J borates according to their solubility in water. 

4. Explain the colour test for boric acid. 

6. How are borates, insoluble in water, examined P 

6. Explain the action of HF upon boric acid. 

7. State how you would prepare ai-gentic borate, plumbic borate, hydroflaobono 

acid, and potassic fluoborate. 

8. Explain the action of boric acid upon turmeric paper. 



HYDROCYANIC ACID (Prnssic acid), HCj.— This acid* 

consiHtfi of hydrogen and the compound radical cyanogen, Cj, mole- 

r 'C"'N'" 
cnle < 'n'"N'"* ^^ forms with metallic oxides salts, called cyantdeg^ 

analogous in their chemical constitntion to chlorides, bromides, etc 
Cyanogen cannot be obtained by the direct combination of carbon 
and nitrogen, but an alkaline cyanide results from the action of 
caustic or carbonated alkalies upon nitrogenous organic bodies, such 
as fibrin, alb amen, and gelatin at a high temperature. The best 
known cyanide, viz., potassic cyanide, KCy, unless specially purified, 
contains more or less potassic cyanate, CyKo, and potassic car- 
bonate. 

REACTIONS IN THR DRY WAY. 

KCy and NaCy are not decomposed upon ignition in close 
vessels, as may be inferred from their mode of manufacture ; but 
when heated with free access of air, they are converted into cyanates. 
The same change takes place, only more speedily, when potassic 
cyanide is heated with less energetic oxidizing agents, such as 
MnOs, FbO, CnO, SnOt, etc., when the metal, or a lower oxide is 
left. Heated in the presence of metallic sulphides, it is converted 
into potassic sulphocyanate, CyKs. Potassic cyanide is on this 
account a most valuable deoxidizing (desulphurizing) agent, and ia 

* The compounds which the radicals cyanogen, ferro- and ferrirymiiogen, ete., 
are capable of forming will be treated somewhat more fully, since a Uiorough 
understanding of the rarious reactions is necessary, in order to succesafu^ 
analyse cyanogen compounds. 
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employed in blowpipe reactions, whenever a metallic oxide (or snl- 
phide) lias to be reduced to the metallic state. Cyanides of the 
neaYY metals nndergo decomposition npon ignition ; some (e,g,, the 
cyanides of the noble metals) break np into metal and cyanogen 
gas ; others into a metaUic carbide and nitrogen (^e.g,, the cyanides 
of iron) ; others again (such as AgCy, HgCya, duCya, zSnCyt) 
yield cyanogen gas, metallic silver, mercury, etc., and paracyanogen, 
— a brownish-black substance, which is isomeric with cyanogen, 
and which is usually expressed by the symbol, Cy^. 

This deportment of solid cyanides furnishes us with ready means 
of preparing cyanogen gas, either by igniting dry HgCy2, or AgCy ; 
or by hsating two parts of dry yellow prussiate of potash^ or commer- 
(nal potassic forrocyanide, K^FeCye, with three parts by weight of dry 
HgCl,. 

Cyanogen is a colourless gas, of peculiar odour, burning with a 
beautiful purple or peach-blossom coloured flame, and yielding COi 
and N. The gas is nearly twice as heavy as air (sp. gr. 1*8), and 
since water dissolves about four times its own volume it must be 
collected over mercury, or by downward displacement. It is one of 
the few gases which condense at a moderate pressure (3'6 atmo- 
spheres). 

REACTIONS IN THE WET WAT. 

The cyanides of the alkali metals and alkaline earthy metals 
are soluble in water, the former readily, the latter with difficulty. 
The eya/nides of the heavy metals are insoluble in water, with the 
exception of HgCyt ; but are for the most part soluble in a solution 
of potassic cyanide, forming soluble double cyanides, which are fre- 
quently crystalline, and which upon ignition are decomposed like 
single cyanides, i.e.,. the cyanide of the heavy metal breaks up into 
metal and cyanogen, or metal, carbon (carbide?) and nitrogen, 
whilst the alkaline cyanide is not decomposed, and can be dissolved 
out from the residue. 

The following is a list of some of the more important single 
cyanides, t.d., cyanides which contain only one metal : — 



Sodio 

Bario 

Zindo 

Cadmio 

Nickelouf 

CobaltouB 

FeiTouB 

Cuprous 

Merourio 

Argentic 

Some of these siugle cyanides are readily decomposed by acids, 
with evolution of hydrocyanic acid ; others, especially the cyanides 
of iron, cobalt, and the noble metals (Au,Pt), may be boiled with 
moderately strong acids, without decomposition. 
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The action of dilute acids upon double cyanides shovs clearly 
tLe existence of twc distinct classes of double cyanides, viz. : — 

1st. Double cyanides which are readily decomposahle, giving ojf 
hydrocyanic acidy when heated with dilute mineral 'avoids. They pos- 
sess an alkaline reaction. Their alkaline cyanide is decomposed by 
dilute mineral acids into HCy and a salt of the alkali metal, and 
into a cyanide of the heavy metal, which remains in combination 
with the liberated HCy ; or the latter is evolved and the metallic 
cyanide is precipitated ; or both cyanides are decomposed, and ihe 
whole of the HCy is liberated, e.g. : — 

(1) KAgCya + NOaHo = AgCy + HCy + NO,Ko. 

Precipitated. 

(2) KaZn"Cy4 + 4HC1 = ZnCl, + 2KC1 -h 4HCy. 

2nd. Double cyanides which possess a neutral reaction and give off 
no hydrocyanic acid, when treated with dilute hydrochloric acid^ the 
negatvoe element of the add forming a salt with the alkali mslal^ whilst 
the hydrogen or positive element, by uniting with the remaining 
elements, forms a new acid of a more complex nature, thus : — 

K4FeCy6 + 4HC1 = HiFeCy. + 4Ka. 

Hydioferrooyanio 
acid. 

K^FcaCyu + 6HC1 = H«FeaCyia -f 6Ka. 

Hydroferricjanio 
acid. 

KeCojCyia -I- 6HC1 = HeCosCyia 4- 6KC1. 

Hydrocobalticyanie 
acid. 

The single, as well as easily decomposable double cyanides, which 
yield hydrocyanic acid, when treated with dilute mineral acids, are 
moreover remarkable for their highly poisonous character, whilst 
these latter — the double cyanides containing a non- decomposable 
cyanogen radical {e.g.^ ferrocyanogen, FeCye, cobalticyanogeny CotCyu) 
— are not poisonous. 

It is obvious that all these complex cyanogen compounds — ^both 
decomposable and non-decomposable — ^may likewise be viewed as 
double cyanides. 

The following list* contains some of the more interesting double 
cyanides, t.e., cyanides containing more than one metal ; the easibf 
decomposable class being indicated by a comma placed between the 
cyanogen and the metal : — 

Dipotassio zincic tetracyanide • E^ZiitCj^. 

„ cadxnio „ • KsCd,Cj4. 

„ niokelous „ • . • KtNi,C74. 

* Kekul^, Lehrbuoh der organiscben Chemie, I, p. 814. 
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Potasaic argentio dioyanide KAgjCjs. 

„ aurouB „ KAu',Cyt. 

,t auric tetracyanide K Au''',Cy4. 

Dipotassio cuprous tetracyanide K3'Cu's,Cy4. 

„ platinoiiB „ ' K3Pt'^Cy4. 

Tetrapotassic diplatinic decacyanide K|/Ft'''sCyio* 

„ ferrous hexacyanide (potaesio 

ferrocyanide, yellow prussicUe) E^ijEeCyg. 

Hexapotassic diferric dodecacyanide (potassic 

ferrir*yanide, redprtusiate) Ke,FesCyis. 

Hexapotassic dicobaltio dodecacyanide (potas- 
sic cobaltioyanide) • ^^t^fija* 

Hexapotassic dichromic dodecacyanide S^S'^i'^QTiS' 

I, dimanganic „ KsMn^jCis. 

If we take, however, into account the different deportment of 
these double cyanides with dilute acids and with fe:i*oso-ferric salts, 
with which the easily decomposable doable cyanides give, from an 
acid solution, a precipitate of Prussian blue, whilst the others — the 
difficultly decomposable double cyanides — ^yield no hydrocyanic acid, 
when treated with dilute acids, and produce (with the exception of 
the ferro- and ferricyanogen compounds), no precipitate of Prussian 
blue with ferroso-ferric salts and hydrochloric acid, it becomes 
evident that the complex groups of elements^ ferrocyamogen^ YqCj^ 
ferricyanogen^ FeaCy^, cohalticycmogen, CoaCyu, etc., which heha/oe 
like cyanogen (itself a complex group of two elements, of carbon and 
nitrogen, or a compound radical) may likewiae he viewed as compound 
radicals,* if by this term we denote a group of common and constant 
constituents found in a whole series of compounds, and capable of 
replacing multiples of CI, Br, etc., in constant atomic proportions. 

We are able, for instance, to produce by double decomposition, 
precipitates witii soluble salts of almost all the heavy metals in 
which the potaRsium — or positive radical — ^is either entirely or 
partially exchanged for an equivalent quantity of a heavy metal, 
whilst the negative group of elements remains unaltered, thus : — 

KiFeCye + SOaCuo" = KjCu'TeCys +. SOjKoa, or 
K^FeCye + 2SOaCuo" = Cu",FeCye + 2SOaKoa. 

On the addition of an alkaline hydrate or carbonate, the whole of 
the heavy metal is removed as hydrate, with formation of potassio 
ferrocyanide. 

Easily decomposable soluble double cyanides give likewise preci- 
pitates with solutions of heavy metals, e.g., 

2KAgCya + SOaZno" = Zn"AgaCy4 + SOaKo, ; 

Precipitated. 

but there is no evidence to show whether these precipitates are real 

■ 

• Compound bodies, containing the complex radicals ferro-, ferri-, etc., 
cyanogen are viewed here as molecular compounds, and no constitutional formula 
have bsen attempted, although it would not be difficult to assign such formulo 
to them, if the functions which the carbon and nitrogen atoms play in these 
compounds were sufficiently established. 

L 2 
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componndfl or only nuxtiires of two insolnble cyanides ; nor is there 
any proof that alkaline hydrates reproduce the original double cya- 
nide. Dilate snlphnric acid decomposes ZnCyj in the above preci- 
pitate, AgCy being left behind ; just as if no connection had ap- 
parently-existed between the two cyanides. A^caline hydrates or 
carbonates are without action upon easily decomposable cyanides. 
A few are decomposed by sulphuretted hydrogen, e.g.^ K2CdCy4, 
K2HgCyi, KAgCy2, with precipitation of a metallic sulphide; in 
others, such as KaMnCyi, K2NiGyi, KaZnCyi, and KtCuCyi, the 
metal is only partially precipitated as sulphide, whilst Y^el'Qj^ 
and KaCo^'Cyi are not precipitated at all. 

It is evident from these changes that easily decomposable and 
difficultly decomposable double cyanides (ferro-, ferri-, cobalti-, and 
chromi- cyanides) difEer not so much in their chemical structure and 
habitus, as in the degree of stability which they exhibit, varying 
with the individual nature of the metal which they contain. 

We employ A solution of potassic ctanide, KCy. 

NOzAgo gives a white curdy precipitate* of arsentle cyvaMe, 
AgCy, insoluble in dilute nitric acid, soluble in ammonic hydrate, 
sodic hyposulphite, and potassic cyanide. The precipitate resembles 
AgCl so very closely that special experiments are required to dis- 
tinguish it from the latter, or to detect hydrocyanic acid in the 
presence of a chloride. 

On igniting a mixture of AgCl and AgCy, which has been 
entirely freed from argentic nitrate by washing with hot water, 
AgCy is decomposed into cyanogen, metallic silver, and para- 
cyanogen. AgCI, on the other hand, fuses without decomposition. 
On dissolving the residue in nitric acid and filtering, a precipitate 
of AgCl is obtained, on the addition of hydrochloric acid, or a soluble 
chloride, the silver of which must have been present originally as 
cyanide. (Distinction between HCl and HCy.) 

Dilute mineral acids decompose potassic cyanide with evolution 
of HCy. On decomposing, therefore, a small quantity of KCy by 
dilute sulphuric acid in a small porcelain dish, and invertinf^^ 
another small dish, containing a drop or two of yellow ammonic 
sulphide, over it, the gaseous hydrocyanic acid, acting upon the 
ammonic sulphide, forms ammonic sulphocyanate, CyAms, and 
AmHs, thus : — 

SjAma + HCy = CyAms + AmHs, 

which gives, on acidulating with hydrochloric acid, a characteristio 
hlood-red coloration with FSfCle. 

This constitutes one of the most delicate reactions for free hydro^ 
cyamic acid, as well as for soluble or easily decomposahle cyanides, 

BOtCuo'', to which a solution of SOHoa has been added, gives 
with KCy a white precipitate of cnproni cyanMe, 'Cu'aCya, soluble 
in potassic cyanide (Ka'Cn'aCyi). 

* HffCjt ifl not precipitated by argentic nitrate. 
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N,04ng2o" gives a grey precipitate of metallic mercoiy, whilst 
HgCji remains in solution, thos : — 

'Hg',Cy8 = Hg 4- HgCja. 

Iron salts are among tlie most delicate reagents for Ljdrocjanic 
acid, or for solnble cyanides, on account of their tendency, especially 
in the presence of potassic hydrate, to form difiELcnltly decomposable 
double cyanides (containing the compound acid radicals ferro- and 
ferri-cyanogen), which are of a characteristic blue colour. (Hence 
the name cyanogen, from tcvapos, blue, and f^evpau, I generate.) The 
solution containing hydrocyanic acid, or a soluble cyanide, is first 
treated with a little potassic hydrate, then with a mixture of a ferrous 
and ferric salt (obtained by exposing a solution of ferrous sulphate 
for some time to the air) and heated. On the addition of dilute 
hydrochloric acid, in order to dissolve the ferrous and ferric hydrates, 
which are likewise precipitated by potassic hydrat<e, a fine blue pre- 
cipitate of Prussian blue is obtained. The changes may be expressed 
by the equations — 

(1) KHo 4- HCy = KCy + OH,. 

(2) SO,Feo" + 2KCy = Pe"Cya* + SOaKo,. 

P6Cy2, by combining with 4KCy, forms the soluble double 
cyanide KiFeCye. 

(3) 2SAFe20^ + 3K4FeCye = 3Fe"Cya,2'Fe'"2Cy. + eSOjKo,. 

Free hydrocyanic acid dissolves mercuric oxide, with formation 
of mercuric cyanide, which is not precipitated by alkalies. 

The alkali salts of the compound cyanogen radicals, FeCys, 
FejCyia, CojCyii, are decomposed by moderately concentrated sul- 
phuric acid with evolution of hydrocyanic acid. 

Tliis fumislies hb with a oonyenient method for preparing hydrocyanic acid. 
Ten parts by weight of K^FeCj^ (yellow prussiate of potash) are distiUed in a 
flask or retort with 86 to 40 parts of dilute sulphuric acid (one of acid to six of 
water). The flask or retort is connected with a Liebig*s condenser and double- 
necked reoeiyer from which any uncondensed gas can be carried under a Bunsen 
lamp, and burnt. Every joint should be made perfectly tight^ and the con- 
denser-tube should dip into the water placed in the receiver. The reaction takes 
place according to the equation : — 

2K4FeCye + 8SO2H02 = 6HCy + KiFe"FeCyj + 3SOjKoa. 

White residue 

turning blue by exposure 

to the atmosphere. 

Hydrocyanic acid is exceedingly poisonous. Small quantities of 
the gaseous acid, when inhaled, cause a peculiar sensation in the 
throat and are followed by headache, giddiness, and other disagree- 
able symptoms. Great care must therefore be taken in operating 

* FeCyt is difficultly obtained in an isolated condition, as it forms in the 
presence of KCy, potassic ferrocyanide, K^FeOys, containing the compound 
cyanogen ladioal FeCye, which in its turn reacts upon the ferric salt. 
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with HCy, as for instance, on pouring it from one vessel to another, 
or with cyanogen compounds generally, and for the purposes of 
analysis small quantities only should be operated upon at a time. 

HYDROFERROCYANIC ACID, H4FeCye.-This acid is 
tetrabasicj i.e., its four hydrogen atoms can be replaced by four 
atoms of a monad or two atoms of a dyad metal. The potassium 
salt is prepared on a manufacturing scale by introducing nitrogenous 
animal substances (horn-shavings, etc.) and iron into fused wood- 
ashes. The fused mass is lixiviated with water and the salt allowed 
to crystallise out. It may also be prepared by decomposing Prussian 
blue with KHo or COKoi and separating the ferric hydrate by 
filtration, thus : — 

8Fe"Gy2,2'Fe'"2Cye + 12KHo = 3K4FeCy, + 2Pe,Ho.. 

Potassic ferrocyanide, K4FeCye -|- 3Aq, crystallises in large 
lemon-yellow crystals ; hence its name yellow prussiate of potcuhy 
Its positive element (potassium) can, by double decomposition, 
be replaced by other metals, either entirely or partially, and the 
property of cyanogen to form double cyanides is well illustrated 
by the deportment of the more complex ferrocyanides. This will 
be seen from the following list of some of the more common 
ferrocyanides : — 

K4FeCye + 3Aq. KjCa"FeCj« + 3Aq. 

Nft4FeCyft + 6Aq. CuaFeCyg + 4Aq. 

Am4FeCy« + 3Aq. KjCu^'FeCye + 2Aq. 

Ba^jFeCyj + 6Aq. KjFe"FeCy«. 

KsBa^'FeC^j + 8Aq. NaKaFeCje + 8Aq. 

Ca"jFeCyft + 12Aq. AmKaFeCyj + 3Aq. 

EEACTIONS IN THE DRY WAY. 

KiFeCys fuses, when strongly ignited, and breaks up into nitro- 
gen, potassic cyanide, and carbide of iron, or a mixture of carbon 
and iron, thus : — 

KiFeCya = 4KCy + C^Fe + N,. 

Heated with free access of air, or in contact with metallic oxides, 
the KCy is further converted into potassic cyanate, CyKo. 

REACTIONS IN THE WET WAY. 

"We employ a solution of potassic ferrocyanide. 

The alkaline ferrocyanides are readily soluble in water, the alkaline 
earthy ferrocyanides are difficultly soluble ; those of iron and most 
other metals are insoluble in water, and many of them also insoluble in 
acids. They are decomposed on boiling with potassic hydrate with 
formation of a solution of potassic ferrocyanide, and an insoluble 
metallic hydrate. Some ferro<^anides are remarkable for their 
characteristic colour, notably so those of iron and copper; othera 
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are white, e.^., those of the alkaline earthy metals, of Zn, Pb, Ag, 
Hg; greenish white, e.gr., l^i'^FeCjs, Co^jFeCyj; reddish white, e.g.^ 
Mn'^sFeCje* Potassic ferrocyanide is employed, on this acoomit', as 
a useful reagent in the qnalitative examination of metals, especially 
of iron and copper. 

NOaAgo produces a white precipitate of arsentlc ferrocyanlde, 
AgiFeCye, insoluble in dilute nitric acid and ammonic hydrate, 
soluble in potassic cyanide. 

SOaOuo'^ added in excess, gives with a solution of KiFeCye a red 
(^chocolate-coloured) precipitate of dlcuprlc ferroeyanlde, Ou^'aFeCye, 
whilst an insufficient amount of the cupric salt gives a broum pre- 
cipitate of dipotagslc enpric ferrocyanlde, KsGu'^FeCyc. 

SOsFeo^' gives a light bhie precipitate of dipotasslc ferrous ferro- 
cyanlde, KaFe^'FeCye, thus : — 

K^FeCye + SOaFeo" = KaFe^FeCy^ H- SOaKo,, 

which is slowly oxidized by exposure to the air, or rapidly, by 
oxidizing agents, such as nitric acid, or chlorine water : a part of 
the potassium being removed as oxide, or chloride, thus : — 

2Fe"K,FeCys + CI, = Fe^jKaFeaCyw + 2KC1, 

Light blue Diferrous dipotassio 

precipitate. ferricjanide. 

or potassic ferricyanide in which four atoms of potassium have been 
replaced by two atoms of dyad iron. 

Potassic ferrocyanlde is, in fact, readily converted into potassic 
ferricyanide, K«FeiCyia (analogous to the conversion of ferrous salts 
into ferric salts), by various oxidizing agents, such as chlorine, 
nitric acid, potassic chlorate and hydrochloric acid, etc. 

FejClfi gives an intensely blue precipitate of 3Fe"Cya, 2'Fe'"8Cyj, 
called Pnwslan blue, thus :— > 

SK^FeCye + FeaCl. = 3Fe"Cya,2Te'"aCy6 -h 12KC1, 

which constitutes at once a most characteristic and delicate reaction 
for ferric salts and for ferro^anogen, (as well as for cyanogen, as 
has been already shown). This precipitate is insoluble in dilute 
mineral acids, but dissolves in oxalic acid to a blue liquid (blue ink), 
and in ammonic tartrate to a violet liquid. It is decomposed by 
alkalies. On boiling with mercuric oxide, Prussian blue is entirely 
decomposed into HgCya and ferrous and ferric oxides, thus : — 

3Fe"Cya,2Te"'aCys + 9HgO = 9HgCya + 3PeO + 2FeaOs. 

Bj adding an msafficient amount of FOjClg to a solution of E^FeCy,, a blue 
precipitate is likewise obtained whicb is, however, soluble in water, and is there- 
fore called soluble Prussian blue (used for inks). It is generally thought to be 
composed of one part of Prussian blue and one of potassic ferrocyanide. 

Concentrated sulphuric acid (about ID parts by weight) decom- 
poses potassic ferrocyanide (1 part by weight of the dry salt) v^ith 
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evolntion of carbonic oxide (method for PBEPABiNa carbonic oxidk) ; 
the nitrogen of the cyanogen, being converted into ainmonia, is left 
as amnionic snlphate, thns : — 

KiFeCy* 4- GSOaHoa + BOHa = 600 4- 2SOaKo, + SO,Feo" 

+ 3SOaAmoa. 

When concentrated hydrochloric acid is added to an alkaline 
ferrocyanide, hydroferrocyanic acid separates, in the cold, as a white 
crystalline powder, whicn tnms rapidly blue. If ether be added to 
the solution of potassic ferrocyanide, previous to its precipitation 
with concentrated hydrochloric acid, the acid is obtained quite 
colourless. 



HYDROFERRICYANIC ACID, H«Fe,Cyi,.— This acid is 
TieoMihasiCj since its six atoms of hydrogen may be replaced by six 
atoms of a monad metal, or by three atoms of a dyad metaL 
Potassic f erricyanide is derived fix)m KtFeCyc by a process of oxida- 
tion, as, for instance, by passing chlorine into an aqueous solution of 
it, till a solution of ferric chloride produces no longer a blue precipi- 
tate, but imparts merely a brown coloration to the liquid. The 
change is expressed by the equation : — 

2K4FeCy6 + CI, = K«Fe,Cyia + 2KCL 

It is effected by the abstraction of two atoms of the metal potassium 
from two parts of K4FeCys. Two atoms of cyanogen are transferred 
to two molecules of PeCya, whereby the ferrous cyanide is converted 
into ferric cyanide. 

It is also called red prussiate of potash, on account of the dark 
red coloured crystals, which can be separated from potassic chloride 
by crystallisation. 

Reducing agents convert it into potassic ferrocyanide, especially 
in alkaline solutions. The transformation is effected by the addition 
of two atoms of the metal potassium. The ferric cyanide in the 
double cyanide is reduced to ferrous cyanide, thus : — 

6KCy/Fe'"2Cy« + K, = 8KCy,2Fe"Cya, or 2(4KCy,FeCy,) 

= 2K4FeCy«. 

The following are instances of indirect oxidation effected by 
potassic f erricyanide : — 

SHg conyertfl the fern- into a ferrocyanide, with Beparation of sulphur, 
£1 „ „ „ with precipitation of iodine, 

Or.jOs, or its salts, in the presence of KHo, is converted into CiOg, 
^^0 „ „ „ „ FbOfc 

«nO „ „ „ „ JfnO,. 

SnO „ „ „ „ SnOfc 

r OOHo OO 



lOOHo 
KCy „ ,. „ CyKo» 

^1 » » n ^1- 
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NHs gives wiOi KeFeaCjis potassic and ammonio ferrocjanides 
with evolution of nitrogen gas, thus : — 

GKeFeaCyia + I6NH3 = OK^FeCye + SAnuFeCye + N4. 

Many organic substances, e,g,, sugar, dextrine, starch, alcohol, 
and even paper, are oxidized, in the presence of an alkali, to COt 
and OH3. Indigo is bleached. Phosphorus, sulphur, and iodine 
are converted by the action of KeFe^Cyu, in the presence of alkalies, 

into POHo^ SOaHoa, | q^q • 

Analogous to potassic ferrocyanide, f erricyanogen forms double 
ferricyanideSy by the partial or entire replacement of the six atoms of 
the positive element, potassium, by different metals. The following 
are some of the more important metallic ferricyanides : — 

KjFeaCyia Ba^jKiFeaCyi, + 8Aq. 

Na^FeaCria + Aq. Fe"8Fe2C7i2 (Tumbull's blue). 

Oa"8FeaCyia + 6Aq. 

BEACTIONS IN THE DBT WAT. 

Potassic ferricyanide is decomposed upon ignition, yielding 
cyanogen and nitrogen, and leaving a residue, consisting of potassic 
cyanide, potassic ferrocyanide, Prussian blue, paracyanogen, carbon 
and iron. 

REACTIONS IN THE WET WAT. 

We employ A solution op potassic fbreictanidb. 

The alkaline ferricyanides are readily soluble in water. The others 
are mostly insoluble, 

NOaAgo produces an orange coloured precipitate of arsentle ferrl« 
cyanMe, AgeFcaCyia, insoluble in dilute nitric acid, but readily 
soluble in ammonic hydrate, and potassic cyanide. 

SOaFeo" gives a blue precipitate (TwrnbulVs blue) of Fe"8FeaCyia, 
trlferrous ferricyanide, which is decomposed by potassic hydrate into 
potassic ferrocyanide andferroso- ferric hydrate : — 

Fe",FeaCyia + 8KH0 = 2K4FeCy« + Pe304,4OHa. 

Fe^Cle produces no precipitate, but gives a brotmush coloration. 
The deportment of potassic ferro - and ferrixyijanide with iron salts 
enables us to distinguish between ferrous and ferric salts. 



■TDROG0BALTIGTANIC ACID, He'Co^C^is.— Solutioxu of oobal- 
touB salts are precipitated by KCy. The precipitate consists of flesh-coloured or 
dxmamon-brown cobaltous cjanide, OoCjf. Excess of potassic cjanide dissolyes 
the precipitate, forming a readily decomposable double cjanide, which, on 
boiling, or on the addition of HOI, is oonyerted into a difficultly decomposable 
double cyanide, analogous to potassic ferricyanide, with eyolution of hydrogen, 
thus:— 

2(4KCy,CoCya) + 20H, = KjCoaCyu + 2KHo + Hj. 

Potassic cobalti- 
oyanide. 



154 OYANIO AND SULPHOOYANIO ACIDS. 

This double cyanide is of great interest, because it enahUi «# io separate 
cobalt from nickel, both qualitatively and guanlitativeljf. 



CYAN I G ACID, C7H0. — Obtained in the form of potassio cyanate bj the 
oxidation of KCy or K^FeCji. This salt is yerf stable when heated bj itself, 
but deliquesces in the air, and is broken up by water into an aoid carbonate and 
ammonia, thus t*^ 

CyEo + 20Hs » OOHoKo + KHg. 

Potassic emanate ia invariably found in commercial potaaeic cyanide^ aometiniee 
to a considerable extent. 

BEACTIONS IN THE DRY WAT. 

It acts as a flux in blowpipe reactions, and is a powerful oxiditimg agent 
Wben heated with charcoal, it is converted into KCy, GO, and OOf. On heating, 
therefore, a metallic oxide on charcoal, with KCy containing CyKo, the oxide is 
reduced to the metallic state. 

BEACTIONS IN THE WET WAT. 

The cyanatea of the alkalies ^ alkaline earfhe, and a few metaUie oxide* are 
soluble in water, but decompose rapidly with evolution of ammonia, NOjAgo pro- 
duces with potassic cyanate a white precipitate of arventle cyaDate, CyAf o, 
soluble in ammonic hydrate, and in dilute nitric acid ; AgCy is insoluble in nitric 
acid. 

Moderately concentrated sulphuric or hydrochloric aoid decomposes CyKo 
with efferrescence, owing to the liberation of CyHo, which affects the eyes most 
painfully, and is recognized by its pungent odour, resembling that of strong 
acetic acid ; the greater portion of the liberated acid is, however, decompoeed at 
once by water into CO}, and an ammonic salt, thus :— 

2CyKo -f 2SOsHos + 20Hs » 200t -f SO^Kos + SOflAmo^ 

and it is by testing for ammonia, by means of caustic lime, that iU presence can 
be shown. 



SUIiFHOCTANIG ACID, CyHs.— Obtained in combination with potas- 
sium by heating KCr with sulphur or a metallic sulphide. Hence the usefulness 
of potassic cyanide for reducing metallic sulphides 'in blowpipe reactions. 

BEACTIONS IN THE DRT WAT. 

CyKs can be fused out of contact with the air, without undergoing deoom* 
position. It turns first brown, then green, and lastly indigo blue, but becomes 
again colourless on cooling. In contact with the air, CyKs is converted into 
cyanate and sulphate, with disengagement of SO*. The sulphocyanates of the 
heavy metals are decomposed upon ignition, OS^ being given off at first, and on 
raising the temperature a mixture of nitrogen and cyanogen is evolved, whilst a 
metallic sulphide is left :— 

4^JCus" - N, + 8{q^ + 20s, + 40tiS. 
BEACTIONS IN THE WET WAT. 

We employ a bolftiok of akmokic BrLPHOOTANATS, CyAms. 

NO^go produces a white curdy precipitate of arscntle snlpliAeTaaatCt 
Cy Ag«, insoluble in water and in dilute ai-ids ; it is soluble in ammonic hydrate, 
irom which it crystallises out on eraporation. It is also soluble in CyAms or 
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CyKs, forming a doable salphocysnste (OyAgs, CyKs), from which water or 
hydrochloric acid precipitates granular — ammonia hydrate, crystalline OyAgs. 
SOsCuo'^ gives a black crystalline precipitate of eupiie salpliocyanatey 

^Cub", which on standing in the liquid is converted into cuprous sulpho- 

cyunate. ^0028^' This characteristic cuprous salt is obtained instantly by 

adding SOHoj, or a solution of a ferrous salt to the cupric salt. 

F^CIe produces an intenseltf red solution^ owing to the formation of a soluble 
ferric sulpliocyanatc, CyeFe^s^^. Alkaline sulphocyanates furnish us, on this 
account, with a moat delicate reaction for ferric edits. This reaction serves also 
foi* the detection of sulphocyanogen and hydrocyanic acid. The blood red colour 
is destroyed by H^Cla- On introducing some metallic zinc into the blood red 
solution, SHj is evolved. 

QUESTIONS AND EXERCISES. 

1. Explain the derivation of the term cyanogen. 

2. Why are < g^, FeCyg and Fe^Cyis viewed as compound radicals ? 

3. How are KCy and K^FeOye prepared ? Describe their properties, as far as 
, the analytical data illustrate them. 

4. Explain the action of heat upon KCy and K4FeCye, 1st, out of contact with 

air ; 2nd, with free access of air. 

5. What constitutes the usefulness of KCy as a reagent for blowpipe experi- 

ments ? 

6. Explain the changes which cyanides of the heavy metals undergo upon 

ignition. 

7. How would you prepare cyanogen gas ? Describe its properties. 

8. Classify cyanides according to their solubility in water. £]numerate some of 

the more important single cyanides. 

9. What is understood by soluble double cyanides ? How are they classified, 

and how can the easily decomposable double cyanides be distinguished 
from the difficultly decomposable double cyanides ? 

10. Enumerate, 1st, easily decomposable double cyanides ; 2nd, difficultly decom- 

posable double cyanides. 

11. Give reasons for the existence of the compound radicals ferro-, ferri- and 

oobalticyanogen in the double cyanides K4FeCy5, Pb^'a^esCyij, 
Cu"jCo,Cyu. 

12. Explain the action of dilute acids upon single cyanides and upon easily de- 

composable double cyanides. 

13. Explain the difference between a precipitate, produced by a solution of a salt 

of a heavy metal with a solution of an easily decomposable double cyanide, 
or with an alkaline ferro- or ferricyanide. 

14. What is the action of hydrated and carbonated alkalies upon the two classes 

of double cyanides ? 

15. Explain the action of SHs upon the following cyanides and double 

cyanides: HffCya, K2CdCy4, KAgCya, K3MnCy4, KaCuCy4, KjCoCy4, 
KaNiCy4. 

16. How is AgCy distinguished from AgCl 1 

17. Describe the action of HCy upon SjAms, and explain how traces of HCy 

can be detected, in the presence of ferro- or femcyanogen compounds. 

18. How would you demonstrate the greater stability of HffCls over that of 

HgCyj? 

19. Explain the use of ferroso-ferric salts for the detection of HCy. 

20. How is HCy prepared ? Describe its properties. 

21. Describe shortly how yellow prussiate of potash can be prepared. 

22. Enumerate some of the more common ferrocyanides. 

23. How would you examine a ferrocyanide insoluble in acids, e.g.^ Prussian 

blue? 
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24. Explain the action of KHo upon Prussian blue and upon TStmiuirs hUu, 

25. Explain what reactions ferrous and ferric salts gire with feno* and fern- 

ojanides. 

26. Explain the formation of soluble Prussian blue. 

27. What is the action of dilute or of concentrated sulphuric add upon potaasic 

ferrocjanide ? 

28. State how H4FeC7e is prepared. 

29. Explain the conversion of potassic ferro- into ferricjanide. 

80. GKtc instances of the oxidising action of potassic ferxicyanide in alkaline 

sohitions. 

81. Enumerate some of the more important metallic ferricnranides. 

82. How can argentic ferro- and ferricyanides be separatea from each other? 

83. What decomposition takes place when ferro- and ferricTanides are fused with 

a mixture of ammonio sulphate and nitrate ? 

84. How is CyHo recognized in the presence of a cyanide ? 

85. What is the action of concentrated SOsHos upon a cyanate ? 

86. What reactions take place when potassic cyanate is heated with bharooil, 

with MnOs, or with OHj ? 

87. Explain the formation of potassic sulphocyanate, and state what change it 

undergoes when heated in contact with air. 

88. Explain the action of nascent hydrogen upon ferric sulphocyanate. 

89. Why does potassic sulphocyanate enable us to distinguish between ferrous 

and feme salts P 

40. Calculate the percentage composition of cuprous sulphocyanate, ^^Cu^'. 



Chapter VIII. 
REACTIONS OF THE ACIDS. 

6. Obqanig Acids. 

Most organic acids cannot be distingaished qnalitatiyelj as readily 
as inorganic acids. A few of the more generally occurring acids 
which can be readily detected, claim a short notice. 

The greater number of organic acids consist of carbon, Hydro- 
gen, and oxygen ; some also contain nitrogen. There is no organic 
acid known containing only two single atoms of an element, and 
only one containing three, viz., hydrocyanic acid, HCN ; whilst the 
number of atoms in a molecule of most organic acids, aa for in* 
stance in stearic acid, CisHaeOi, is far greater than in any inorganic 
compound. 

The element with which oxygen, hydrogen, and nitrogen aie 
grouped in organic acids is earhonf which in most cases, probably 
in all, acts as a tetrad element.* 

Groups of elements performing similar functions in organic acids, 
and built up invariably in the same number, are called eompound 
organic radicals. 

Nearly every organic acid contains one acidifying principle of 
two negative compound radicals, e,g. : — 

* Frankland : Lecture Notet, page 199. 
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{ON'" 
Q^m N=C-f-C=N, or 

Oxatyl (the molecule f rtrniT 

of whicli is dry<^^J^^^ 0=C- 
oxalic acid) ''|COHo . 



i 



-0=0. 

I 

I 


I 

H 



The semi-moleciile of each of these compoimd radicals contains 
one atom of carbon with one bond left firee to combine with another 
element, or gronp of elements, the other three bonds being satisfied, 
in cyanogen, by combining with triad nitrogen, or in oxatyl, with 
one atom of oxygen and one of hydroxyl. In the molecules the two 
free bonds of the carbon satisfy each other. 

These radicals are closely related to each other. An aqneons 
solution of cyanogen (one volume of water dissolves about four 
volumes of the gas) is speedily transformed into ammonic oxalate, 
thus: — 

i ON + ^^» = 1 OOAmo- 

In the presence of a boiling solution of potassic hydrate, cyanogen 
evolves ammonia and produces potassic oxalate, thus : — 

{gg: + 2KHo + 20H, = {gg|° + 2NH.. 

from which salt oxalic acid can be obtained. 

Oxalic acid, on the other hand, may be converted into cyanogen, 
by transforming it into ammonic oxalate and submitting this salt to 
the action of heat, thus : — 



7// 



\ C0(NH40) - 1 ON'" "^ ^"^»• 

Oxalic acid, or the molecule of the compound radical oxatyl, 
results from the oxidation of a large number of organic bodies, e,g,, 
sugar, woody fibre, etc., by the action of powerful oxidizing agents, 
such as concentrated nitric acid, and is resolved into products of the 
final oxidation of everything organic, viz., carbonic anhydride and 
water. 

Heat, in fact, breaks up nearly all salts of organic acids. Those 
of alkaline and alkaline earthy bases, leave upon gentle ignition 
carbonates, with separation of carbon, and consequent blackening, 
oxalates excepted. The carbonaceous residue being soluble in water, 
indicates that the organic acid was combined with alkali metals, and 
if insoluble, with alkaline earthy bases. The decomposition is, more- 
over, accompanied in most instances by the evolution of volatile 
matter, of carbonic oxide and hydrocarbons, empyreumatic vapours 
and oils. 
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In the free state organic acids are either volatile^ and can be dis- 
tilled or sublimed, generally without undergoing decomposition and 
without leaving any carbonaceous residue, as for instance, formic 
acid, and its homologaes acetic acid, etc. (or the acids of the fatty 
acid series) ; benzoic acid and others, belonging to the series of 
aromatic organic acids. These acids can be removed from any of 
their saline compounds by decomposition with dilute sulphuric 
acid. Other organic acids are non-volatile, and are decomposed 
when heated by themselves, leaving a carbonaceous residue ; and the 
acids cannot be removed from their salts by distillation with snl* 
phuric acid. 



COHo* — Obtained in a great many chemi- 

cal reactions, as a product of oxidation or decomposition. It is 
usually prepared by heating a mixture of equal weights of crystallised 
oxalic acid and glycerine to 75° C, and distilling with water — 



rCOHo 
iCOHo 



"" \COHo 



+ 00,. 



Formic acid distils at 100° C. It is of interest, as being the lowest 
possible acid in the series of fatty acids, a series which most pom* 
prehensively illustrates the structure of organic acids. 

By a successive increment of OHj, or by substituting for H — 
the positive element in formic acid — ^successively semi-molecules of 
the compound organic radicals methyl, CH3, ethyl, CsH^, etc., the 
whole series of fatty acids can be obtained, thus : — 

O 



Formic acid 



tOOHo 



Acetic acid 



H 

CH, or 



IcOHo 



{ 



CH. 
COHo 



fcH 
Propionic acid < qj^ 

[oOHo 

rn 

CH, 

CH, 

CH, 

LCOHo 

fH 



or 



{ 



0,H. 
COHo 



II 
H— C-0— H 

H O 

XX i Jl 

H— C— 0— < 

k 

H H O 
H— C— C— C— 0— ] 

H H 



Butyric acid 



or 



/C,Ht 
tOOHo 



/OnHis 



Stearic acid ^ iSSi^" °' 1 COHo 



LCOHo 
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The lower members of the series of fattj acids dissolve freely in 
water, whilst the more complex fatty acids, with largely increased 
molecalar weights — to mention only stearic acid — are quite insoluble 
in water. 

BBACTIONS IN THE DRY WAT. 

Formates of the fixed alkalies and alkaline earthy bases, when 
heated out of coniact with air, are decomposed into carbonates, and 
a little carbon, with disengagement of combustible gases — mainly 
carbonic oxide and hydrogen. Formates of the heavy metals give 
off COs, CO, and OH3, leaving the metal (generally mixed with a 
little carbon). 

REACTIONS IN THE WET WAT. 

We employ a solution of sodic formate, j qq^ • 

All formaJtes are soluble in water ; some also in alcohol. 

Formic acid and formates are readily recognised by their pro- 
perty of reducing salts of the noble metals, e.g.y AUCI3, NOsAgo, 
NjOiHgso", or HgCU, to the metallic state, with evolution of car- 
bonic anhydride. 

Potassic permanganate is likewise deoxidised by formic acid. 

This reducing auction distinguishes formic acid from acetic add a/nd 
most of its homologues. 

When heated with concentrated sulphuric acid, formic acid and 
formates are broken up into water and carbonic oxide, which latter 
bnms with a fine blue fiame. (Mbthod of preparing carbonic oxide 
GAS.) The mixture does not blacken. The decomposition is expressed 
thus: — 

I COHo + SOjHoa = CO + SOaHoa + OH2. 

ACETIC ACm (Vinegar), j ^q|j^.— Obtained either by the 
oxidation of alcohol, thus : — 

{ CHaHo + 0» = { COHo + °^«- 

or by the destructive distillation of vegetable substances, especially 
of wood. Pure acetic acid boils at 117** C, and is prepared by 
decomposing dry sodic acetate (5 parts by weight) with concen- 
trated sulphuric acid (6 parts by weight). The cnide acid is placed 
over MnOs, in order to destroy any SOa, and rectified by distillation 
over a little sodic acetate. 

REACTIONS IN THE DRT WAT. 

Acetates are decomposed upon ignition, yielding a peculiar 
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2{o?Nao = OON-'+{cOCH.. 



The acetates of the alkalies and alkaline earthy bases, when 
strongly ignited, leave a carbonate ; those of the heavy metals 
leave either a metallic oxide, or the metal itself, mixed with 
carbon. 

Heated with canstic alkalies (soda-lime), as seen in Fig. 19, dry 




Fio. 19. 

sodic acetate gives off marsh-ga?, or light carhuretted hydrogen, CH^y 
thus : — 

8 1 oQj^ao "*■ NaHo,OaHo, = 200Nao^ + OOCao" + SCH*. 

Mftnhgas. 

The gas can be collected in the nsnal manner over water, and oa 
applying a light it bnms quietly with a yellowish flame, with for* 
mation of water and carbonic anhydride. It forms one of the oon* 
stituents of the gas-bubbles which are seen to rise from the bottom 
of stagnant waters, where decaying organic matter has accomnlated. 
Hence its name marsh-gas. 

Its specific gravity is '554 when compared with air. Its mol^ 
cular weight is 16, one litre weighing 8 criths. A mixture of marsh- 
gas and air — one part by volume of the hydrocarbon with 10 of air 
^-explodes poweHuUy when a light is applied. Ldght carbnretted 
hydrogen forms a constituent of ordinary coal-gas, and is likewise 
found in coal mines, where it gives frequently rise to explosions 
when mixed with air and fired. It is called by the miner ^r^-cZmnp. 
The atmosphere left in the workings of a coal-pit, after an explosioa 
of fire-damp has taken place, is c^led choke-damp, or after^damp^ 
consisting to a large extent of carbonic anhydride. 

BBACTIONS IN THE WET WAT. 

{CH 
CONao ™*J ^ employed. 
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• 

AU dceta^ss are soluble in water. Argentic and mercnrous acetates 
are the least soluble. 

On heating a solid acetate (or a concentrated aqneoas solu- 
tion of it) with alcohol and concentrated sulphuric acid, acetic 

{CH 
GOEto ^^ ~ ethyl) is formed which 

possesses a peculiar fragrant odour. The change is expressed 
thus: — 

{oONao + ^^H" + SO,Hoa = [^^^^^ + SO.HoNao + OH,. 

Too much alcohol should be avoided lest common (or sulphuric) 
ether, OEt,, be formed, the odour of which would mask that of the 
acetic ether. 

Bj distilling an acetate with moderately dilute sulphuric acid 
in a retort, free acetic acid is obtained, which is recognised by its 
characteristic pungent odour. 

FegCl^ added to s solution of an acetate, produces a deep red-coloured solu- 
tion, owing to the formation of ferric acetate. On boiling, the whole of the iron 
is precipitated as baste ferric acetate, in the form of hrovonith'yellow flakes, 
AmHo precipitates the iron from a solution of ferric acetate as ferric hydrate. 

Ammonic acetate, especially in the presence of ammonia, dissolres sercral 
insoluble sulphates, e.g^ SOgPbo'', SOjCao". 



STEABIO ACID, { ooHo'"""^^^^^ ^ ^**^ hodae^, e.g., 

{OHaHo 
CHHo. When 
CHjHo 
heated with solutions of caustic alkalies, the fat saponifies and the 
fatty acid forms with the alkali metal a soojp, freely soluble in warm 
water, and the glycerine separates. On decomposing the soap by 
the addition of an acid (dilute hydrochloric or sulphuric acid), the 
fat which separates is found completely changed in character. It 
has an acid reaction to test-paper when in a melted state, and is 
soluble with the greatest facility in alcohol, from which it ciTstallises 

r C H 
in milky white needles. Its composition is CigHuOs, or < qqtt" . 

{C H 
CON* ' ^^^ 

contains generalfy — 

20 — 26 per cent of water 
7— 8 „ „ soda (ONa,) 
and 67 — 73 „ „ stearic acid. 

The analysis of soap is effected by treating 10 grms. cut up into 
thin slices, in a porcelain dish, with dilute hydrochloric acid, and 
heating gently for some time, till the whole of the soap is decom- 
posed. The fatty acid floats on the surface. The dish is set aside 

M 
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to cool, when the fatty acid is obtained bb a solid cake, which can 
be readily removed and dried between filter paper. Sodic chloride 
is left in solution, and is obtained on evaporation in crystals. 

QUESTIONS AND EXEBCISES. 

1. What elements enter into the composition of organic acids ? 

2. State which compound organic radicals are met with in organic acids, and 

show the relation which exists hetween them. 

3. How are the several salts of organic acids influenced by heat, and what 

inference can be drawn from this action P 

4. Explain the structure of the sereral members of the &tty add series. Give 

illustrations. 
6. How is formic acid obtained, and what changes do formates undergo, when 
heated out of contact with air ? 

6. How can a formate be detected in the wet way ? Give equations. 

7. State how jou would prepare pure carbonic oxide from baric formate. 

8. You have given to you plumbic formate, how would you prepare therefrom 

formic acid and sodic formate ? 

9. State how acetic acid is prepared. 

10. What is the action of heat upon dry acetates ? 

11. How would you prepare marsh-gas ? 

12. Explain the termB fire'damp, and ekoke-damp, or ttfter-damp, 

13. How can the composition of marsh-gas be shown experimentally ? 

14. Explain the action of acetic acid upon argentic carbonate or plumbic oxide. 

15. What residue is left on igniting sodic acetate, calcic acetate, plumbic acetate, 

or argentic acetate ? 

16. Explain how you would obtain acetic ether, describe its composition and 

properties. 

17. Give flpraphic formulas for marsh-gas, cyanogen, acetic ether, acetone. 

18. Explain the composition of hard soap. 

19. A solution containing an unknown quantity of formic acid, when heated with 

solution of AuClsi yielded 2'235 grms. of metallic gold. How much 
formic acid by weight did the solution contain ? 

20. A quantity of crystallised argentic acetate leaves upon ignition 1*236 grm. of 

metallic silver. How much acetic acid does this correspond to ? 

21. How much dry sodic acetate must there be decomposed m order to obtain 

20 litres of marsh-gas P 

BENZOIC ACID, {q^^> or shortly BzHo— Is found 

in manj gnms and balsams, from whicli it is obtained hy BnbH- 
mation. Heated in a tnbe open at both ends, the acid snblimes in 
long needles, giving off a very irritating yaponr. Heated on platinum 
foil, benzoic acid bnrns with a lominons smoky flame. 

The crystalline acid is very slightly solnble in water or acids, 
and floats on water. Benzoatea of tetr(id metals are modly insoluble 
in water^ all others are soluble, 

FOaCIe gives SkpcUe yellow precipitate of baalc ferric benssnte, 

BzeFeaO^jF&iOs + 15 Aq ; and ammonic benzoate is employed som^ 
times for the separation of Fe*^ from Mn" (compare page 38). 

On distilling benzoic acid with lime or baryta, benzol, C«n«, is 
obtained — 

{ COHo + °*0 = °*^* + OOCao". 
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Dilute acids precipitate benzoic acid from aqneons eolations of 
benzoates ; nitric acid is withoat action upon it. 

Heated with concentrated snlphnric acid, benzoic acid does not 
blacken, neither does it evolve SOt. 



f OOHo __ 

SnCCINIO AGTD, < CH* , or briefly SuHo,.— DiftflwnV; acid.— 

LCOHo 
Obtained by the distillation of amber, of fossil resin, and also by 
the long-continued action of nitric acid npon batyric, stearic, or 
margaric acids. The acid crystallises in white plates, is readily 
Bolnble in water, alcohol, and ether, and is not acted upon by boiling 
nitric acid. Heated in a tube open at both ends, it sublimes in silky 
needles. Heated upon platinum foil, it bums vnth a blue flame and 
without smoke. 

Succinates are decomposed upon ignition; the alkaline and 
alkaline earthy succinates leave a carbonate, mixed with carbon. 

Most succinates are soluble in water. 

Plumbic acetate gives a whUe precipitate of neutral plnmMe 

rco~» 

•ncdnate, < C2H4Pbo'', which is rendered basic by treatment with 

lco_, 

ammonic hydrate. 

Fe2Cl« prodtices from a solution of neutral ammonic succinate, 
a brownish-red^ voluminous precipitate of batle ferrte sucetnate, 

Su3Fe20^,FesOs, readily soluble in mineral acids. AmHo renders 
the precipitate darker by withdrawing a quantity of succinic acid as 
ammonic succinate, leaving a more baidc succinate. (This reaction 

SERVES FOR THE SEPARATION OP Mn" FROM Fc*^). 

On boiling the precipitate, produced by ferric chloride from a 
solution of a succinate or benzoate, with ammonic hydrate, soluble 
ammonic salts of these acids are obtained which can be separated by 
filtration from the insoluble residue. On the addition of alcohol 
and BaClf to the ammoniacal solution, a white precipitate of baric 
succinate is obtained, whilst benzoic acid gives no precipitate (dis- 
tinction BETWEEN BzHo AND SuHOa.) 

QT7ESTI0KS AND EXEBOISES. 

1. How are benzoic and succimc_acid8 prepared ? Qire graphic formuln. 

2. How would you diBtinguish BzHo from Su£^ in the dry way P 

8. State bow the precipitate produced bv BzHo and S11H03 with TefiU 

asfliste us in distinguiBbing between tbese two acids. 
4. How would you prepare benzol from benzoic acid ? 
6. You have given to you a mixture of plumbic benzoate and succinate. State 

bow you would obtain the two acids in the free state. 
6. 1*340 grm. of tbe argentic salt of an organic acid leares upon ignition '632 grm. 

of metallic Ag. What is the molecular weight of the acid ? 

H 2 
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OXALIC ACID, I ooHo""^'^^"' ac«Z.— Obtained by tbe 

oxidation of a large number of organic bodies, 6.^., sugar, by nitric 
acid ; or woody fibre, by the action of caustic alkalies. The free 

r COTTn 
acid, < (%r\jT + ^^q* is a violent poison. It crystallises in rhombic 

prisms with two molecules of water of crystallisation, which it loses 
when exposed to dry air, i,e,, it effloresces and crumbles to a 
powder. With bases it forms an important series of salts called 
oxalates. The acid being dibasic, two series of salts, netUral and 

aofd oxalates, < hq;^^ and < nQxr^* exist (besides some mpet'-acid 

oxalates). 

REACTIONS IN THE DRY WAT. 

Osalic acid when heated by itself, sublimes for the most part 
unchanged ; a portion of it breaks up into CO, 00s and some formic 
acid. Oxalates yield, upon ig^tion, different products of decom- 
position, according to the nature of the base contained therein. 

Alkaline oxalates leave a ca/rhonate^ with slight blackening, and 
give off carbonic oxide. 

Alkaline earthy oxalates leave a carhonaUy together with some 
(xmsUc hose, if a strong heat be applied, and g^ve off 00 and OOs. 

Oxalates containing metallic bases which do not form carbonates, 
or the carbonates of which are decomposed by heat, break up into 
metallic oxides, and g^ve off equal volumes of 00 and OOt, or into 
metal, as for instance argentic oxalate, giving off 00*. 

REACTIONS IN THE WET WAT. 

We employ a solution of ahmonic oxalate, < qq Am^' 

Oxalates are either soluble in water^ e.g., the alkaline oxalates and 
a few metallic oxalates ; or insohMe in water, but soluble in adds. 
OaCU (SOsCao" or CaHos) precipitates even from very dilate 

Qy-vCao", readily soluble 

in hydrochloric or nitric acid ; almost insoluble in oxalic or acetic 
acid, and in potassic or ammonic hydrate. Heat promotes the pre- 
cipitation from very dilute solutions. This constitutes one of the 
most delicate reactions for oxalic acid. 

BaClt gives from solutions of neutral oxalates a white precipitate 

{GO 
QQBao" + Aq, soluble in oxaUc acid, readily 

soluble in hydrochloric or nitric acid. 

NOtAgo produces a white precipitate of arsentle oxalate^ 

J Pf! A ^' soluble in dilute nitric acid, and in ammonic hydrate. 

Concentrated sulphuric acid decomposes oxalic acid or oxalates, 
on the application of a gentle heat, into 00 and OOt, withoat 
blackening, by withdrawing from the molecule of oxatyl a molecule 
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of OH3. The gaseons mixture is passed through a wash-bottle 
contaming caustic soda or lime-water, and the carbonic oxide gas 
is collected over water. The gas bums with a hltie flame. (Usual 

M8TH0D FOB PBEPABING CARBONIC OXIDE.) 

Oxalic add, or oxalates in the presence of free mineral acids, act 
cu reducing ctg&nis. 

Treat a little black oxide of manganese and oxalic acid, or an oxalate, with a 
few drops of concentrated sulphuric add. Efferrescence ensues. The gas which 
escapes is carbonic anhydride, thus : — 

MnO, + { 2^^^ + 2SOjHo2 = 200j + SOjMno" + SOjKoj + 2OH5. 

A solution of gold is reduced to metallic gold, thus : — 

2AuCli » s/qq^^ « 600j + Aug + 6HC1. 
Potassic permanganate is speedily reduced (decolorised). 

QUESTIONS AND EXERCISES. 

1. How is oxalic acid obtained ? Describe shortly its properties. 

2. What chanm does oxalic acid undergo, 1st, upon ignition ; 2nd, upon heating 

with 80^02 ; 3rd, upon treatment with SOsHos and lEnOj or OrsO^Kog ; 
4th, in contact with AuCls ? 
8. How would you distinguish calcic oxalate from calcic carbonate, fluoride, 
borate or phosphate. 

4. What takes place when potassic, argentic, calcic, or zincic oxalate is ignited by 

itself? 

5. How would you prepare pure carbonic oxide gas from sodic oxalate ? 

6. Why is oxabc acid aeoomposed by concentrated sulphuric acid almost without 

any blackening ? 

7. Calculate how much MnO] is contained in a sample of black manganic 

oxide, 2'2 grms. of which, when treated with •< qoXo ^^^ SOjHos, 

yielded 1*662 grm. of OO2. 

8. The calcic salts in one litre of water are precipitated with anmionic oxalate. 

The precipitate yields upon ignition 1'696 grm. of OOCao''. How mudi 
OaO does the water contain, 1st, per gallon, 2nd, per 100,000 parts ? 

rcoHo 

TABTABIO AOn>,< q™^, shortly THo,— Di6(mc add,— 

LO9H0 
Found in grapes, tamarinds, pine-apples and several other froits in 
the form of hydric potassic tartrate. The acid met with in commerce 
is prepared from the tartar or a/rgol^ an impnre hydric potassic tar- 
trate, deposited from the grape juice daring fermentation. The acid 
forms colourless transparent crystals, very soluble in water, both hot 
and cold, and soluble also in alcohol. The aqueous solution under- 
goes gradual decomposition. 

REACTIONS IN THE DBT WAT. 

Tartaric acid is decomposed bj heat, giving off a peculiar odowr^ 
resembling that of hurnt sugar (caramel), and leaving a residue of 
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carbon. Alkaline tartrates when heated in a test-tube, are decom- 
posed, with evolution of inflammable gases, leaving a mixture of 
finely-divided charcoal and carbonate (black flux), from which the 
carbonate maj be extracted bj water. The carbonaceous residue 
left upon igniting alkaline earthj tartrates contains an insoluble 
carbonate, and e£fervesces when treated with dilute hydrochloric 
acid. Tartrates of the heavy metals also undergo decomposition, 
accompanied by the characteristic odour of burnt sugar, and leave 
much carbon mixed with metallic oxide or metal. 

REACTIONS IN THE WET WAY. 

We employ a solution of tartaric acid, and for some reactions 
A SOLUTION OF A NORMAL SALT (BocheUe Salt, OT potassic sodic tar- 
trate). 

The alkaline tartrates are soluble in water, the acid salts less so 
than the neutral tartrates. The normal tartrates of the alkaUne earthy 
bases, of the eaaihs amd heavy metals, are difficultly soluble in waiter, but 
dissolve readily in dilute tartaric acid. Alkalies fail to pi'«cipitate 
double tartrates, readily soluble in water, containing an alkaline 
and metallic base. Hence t?ie presence of tartaric a,cid serves to 
prevefit the precvpitation of FOaOs, Or,Oa, ZnO, NiO, CoO, MnO, 
CuO, PbO, BifOs, PtOt or CdO, whilst some other substance, 
e.g,, POH03, if present, may be precipitated from an alkaline solu- 
tion. 

KCl (or some other potassium salt, especially the acetate) pro- 
duces in a solution of nree tartaric acid_a hea/vy white crystalline 

precipitate of liydrie potassle tartrate, THoKo, readilv soluble in 
mineral acids and in alkalies and alkaline carbonates, msoluble in 
acetic acid. The precipitation is accelerated by agitation and by 
allowing to stand tor some hours. Alkalies dissolve the precipitate, 
forming a normal tartrate, soluble in water, from which acetio acid 
reprecipitates the hydric potassic tartrate. 

CaHos added to excess precipitates free tartaric acid as a while 

calcic tartrate, TCao". 

CaCla (but not SOaCao'', except on long standing,) precipitateB 

from a solution of a normal tartrate, white ealdc tartrate (TCao", 
+ 8 aq.), soluble in acids, even tartaric acid, in ammonio salts 
(AmGl), but not in ammonic hydrate. The precipitate is soluble 
in cold potassic or sodic hydrate, which is nearly free from carbonate, 
but is reprecipitated on boiling as a gelatinous mass, which redissolves 
on cooling, 

N02Ago produces from a solution of a normal tartrate (cg.^ 
Bochelle salt) in the cold a white curdy precipitate of argcvtlo tar- 
trate, TAgO). On filtering and dissolving some of the precipitate 
off the filter with a little dilute ammonic hydrate, and heating the 
solution in a dean test-tube or flask during ten to twenty minutes, 
in water, heated to about 66^ C, the glass becomes coated with a 
gnejilver mirror. (Charactsbistio reaction fob tartaric acid.) 

AcaPbo" g^ves a white crysiallvne precipitate of pliuAie 
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TPbo', from solniioiiB of tartaric acid, or its solnble salts. The 
precipitate is soluble in nitric acid, and in amnionic hydrate ; thd 
latter giving rise to tlie formation of plumbic ammouic tartrate, 
which cannot be precipitated by AmHo. 

Tartaric acid and ammonia dissolve SOaPbo". 

Concentrated SOfHoa decomposes tartaric acid, or a tartrate, on 
heating, with evolution of SO3, CO3, and CO, and separation of 
carbon. 

QUESTIONS AND EXBBGISES. 

1. Describe some sources of tartaric acid. 

2. Describe the decomposition which tartaric acid and tartrates undergo upon 

ignition. 

3. What is the composition of black Jlux ? 

4. Explain the solvent action of tartaric acid upon certain tartrates in the pre- 

sence of alkalies. 
6. How can tartaric acid be detected in the wet way ? 
6. Giye graphic formule for Bochelle salt, argentic and plumbic tartrates. 



r OHHo(COHo) _ 

CITRIO ACID J OH (COHo) -h 2 aq., or briefly OiHo,.— 

[OH, (COHo) 
Tribanc add. — Obtained from orange or lemon-juice. Found also 
in many other fruits. It forms colourless prismatic crystals, which 
possess a pure and agreeable acid taste. They dissolve in cold and 
hot water, and in alcohol. The aqueous solution undergoes decom- 
position after a time. The dtrcUes are very numerous, the acid 
forming, like phosphoric acid, three classes of salts by the replace- 
ment of one, two, or three atoms of hydroxyl by a corresponding 
amount of potassozyl, etc. 

BEACTIONS IN THB DRY WAT. 

On heating citric acid, it loses first its water of crystallisation, 
then fuses, and is decomposed with disengagement of pungent and 
irritating acid fumes, leaving a less abundant carbonaceous residue 
than tartaric acid. Alkaline and alkaline earthy citrates leave a 
carbonate upon ignition. 

BEACTIONS IN THE WET WAT. 

We employ A solution of GiHos in water, or a solution of a 

NORMAL ALKALINE CITRATE. 

Potassic salts give no precipitate. 

OaHoa gives no precipitate in the cold firom a solution of citric 
acid, or of a neutral citrate ; but on heating, a white precipitate of 

calde eitrate, OnCao^'ai is obtained. (Distinction between tartaric 
AND citric acid.) When both citric and tartaric acid are present, the 
precipitate produced by OaHoa, or OaCla in the cold is filtered off, 
and the clear filtrate boiled, when a further precipitate indicates 
citric acid. 
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CaCla produces at first no precipitate in (he coZc2 from an aqneoas 
solution of citric acid, or a soluble citrate ; but on standing precipi- 
tation takes place and is all but completed, even in tbe cold, after 
24 hours. On boiling a white precipitate of calcic citrate is ob- 
tained, if the solution be neutral, or if it contain an excess of lime 
water or ammonic hydrate. This precipitate is insoluble in sodic or 
potassic hydrate, but soluble boUi in ammonic salts and in acids. 

Argentic citrate, dissolved in ammonic hydrate, does not form a 
mirror upon heating. Citric acid, like tartaric acid, prevents the 
precipitation of certain oxides, more especially of AlfOs, of Groups II 
and III, by caustic alkalies, on account of the formation of soluble 
double citrates, containing a metallic and alkali base. 

Concentrated sulphuric acid decomposes citric acid or citrates 
slowly. On cautiously applying heat', UO and COs escape, at first 
without any blackening of the liquid, but on boiling for some time, 
SO2 is evolved, and carbon separates. 

QUESTIONS AND EXEBOISES. 

1. Whence is citric acid derired ? 

2. Describe the tests which distinguish citric from tartaric acid. 
8. GHre graphic formula for citric acid. 

4. How would you detect oxalic, tartaric, and citric adds contained in a 

UquidP 
6. Why does the presence of citric or tartaric acid prevent the precipitation of 

AI3O, or FejOs by AmHo? 
6. How would you separate phosphoric acid by precipitation with a magneaic 

salt from a solution containing phosphates of Al^^, Fe*% and Hn" ? 
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In order to enable the analyst to acquire a thorough mastery 
over the reactions for bases and acids, some 25 to 30 simple sub- 
stances should be analysed by the aid of the subjoined analytical 
tables, and the results recorded in the manner shown in the Ap- 
pendix. The nature of these exercises will be sufficiently indicated 
by the following examples : — 

1. Crystallised magnesic sulphate (Epsom salts). 

2. Sodic sulphite. 
8. Saltpetre. 

4. Common sodic phosphate. 

5. Potassic iodide. 

6. Potassic oxalate. 

7. Citric acid. 

8. Calcic tartrate. 

9. Sodic acetate. 

10. Calcic phosphate. 

11. Dried green vitriol. 

12. Borax. 

Preliminary to the analysis of more complex bodies, a number of 
double salts or mixtures of salts containing one or two bases, and 
one, two or more acids should be next examined, such as : — 

Ammonic ferrous sulphate. 

Common ammonium or potassium alum. 

Microcosmic salt. 

Potassic sodic tartrate (Bochelle salt). 

Dipotassic calcic ferrocyanide. 

Potassic chlorate and potassic nitrate. 

Sodic chloride and potiaflsic carbonate. 

Potassic oxalate and potassic carbonate. 

Anmionic chloride and sodio nitrate. 

Ammonic magnesic phosphate. 

Potassic bromide and iodide, and sodic chloride. 

Complex bodies should be examined systematicaUy and the 
results carefully noted down in the analyst's laboratory book imme- 
diately they are made, and in the order indicated by the arrangement 
of the Analytical Tables. A careful preliminary examination in the 
dry way yields for the most part results which are decisive of the 
nature of the substance under examination. A few simple experi« 
ments are frequently sufficient to determine, in the case of simple 
salts, the nature of both base and acid, and in that of a compound 



170 



PRACTICAL EXERCISES. 



substance, most bases and acids. Skill in blowpipe analysis is of 
paramount value in the analysis of well-defined minerals, as well as 
of complex mixtures. The student should, howeyeri invariably 
control the results obtained by an examination of the solid sub- 
stance in the dry way, by a most searching analysis in the wet way. 

The exercises should be progressive, and should at first consist 
of artificial mixtures of clearly-defined composition : and lastly, of 
complex bodies, such as minerals, alloys, colours, slags, refose- 
matter from various manufacturing processes, etc. 

The following mixtures or compound bodies may be taken as 
types of the 20 or 30 substances that should be examined in order 
to enable the student to acquire proficiency in qualitative analysis : — 



1. NaOiPbo", 
HgCla, 
AmCl, 
COCao". 

2. CaCls, 

SrCla, 
BaCl,. 

3. ABaSsy 
AmC^ 
NOaKo. 

4. Ammonium alum, 
Chrome alum. 
Galena. 

5. Chrome iron ore, 

6. Type metal. 

7. Stourbridge fire-clay. 

8. CrOaBao", 
PeaOa, 
CaCla, 
Sulphur. 



9. BaCla, 
POHoBao", 
f COKo 
tCOKo 

10. Ammonium alum, 
Chrome alum, 
POHoNaoa, 
PeaO,, 

SiO,. 

11. COBao", 

PaOaBao"3, 

SOaBao", 
NaCl. 

12. Ultramarine. 

13. Guano. 

14. Coprolite. 

15. Material which has been 

used for purifying ooal* 
gas. 

16. Alkali waste. 
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180 EXAMINATION OF SUBSTANCES 



Examination of a Substance in tbb Wet Wat. 

1st. The substance under examination is a liquid, — ^Examine it 
by means of well-prepared test-papers. The liquid is neutral. This 
excludes a large number of substances, since the greater proportion 
of normal salts of the metals possess an acid reaction. The liquid 
shows an acid reaction. This may arise from a free acid, or from 
the presence of a normal salt having an acid reaction, or, lastly, 
from an acid salt. Or the solution possesses an aZkaUne reaction, 
owing to the presence of a salt of alkaline reaction, of free alkalies 
or alkaline earths, and of cyanides or sulphides of the alkalies or 
alkaline earthy metals. 

E vaporate a portion of the liquid to dryness on a watch-glass or 
platinum foil. It leaves no residue, and may consist of pure water 
only; or it leaves a residue; a larger portion of the liquid should 
then be evaporated to dryness in a porcelain dish and subjected to 
a preliminary examination in the dry way. 

2nd. The substance under excnnination consists of a solid body,^^ 
If it occurs in large pieces, or in the form of a coarse powder, it 
should first be reduced by mechanical means to as fine a powder as 
possible. 

Natural silicates and other oompounds which are decompoeed with difficulty 
by acids, are finelj powdered in an agate mortar and then temgaUdf i.e., atirrad 
up repeatedly with water ; the coarser particles of the powdered substance fall 
rapidly to the bottom, and the'water holding the finer particles in suspension can 
be poured off. The coarser particles must then be ground again, and made to 
pass through a fresh process of lengation, till the ¥)hole of the subttanoe is 
obtained in an equally fine state of division. By allowing the water to stand &r 
some time, the whole of the suspended particles fall to the bottom of the Teasel^ 
and can be separated by decantation and filtration. 

Ascertain whether the solid substance is wholly or partly soluble 
in water. This is done by boiling about a granmie of it in distilled 
water, allowing the undissolved portion to subside before decanting 
the supernatant liquid, and treating the undissolved portion again 
with boiling water as long as anything is dissolved. A drop of the 
solution, when evaporated on a watch-glass, or on platinum foil, 
should leave a visible spot. 

The aqueous extract is set aside until the residue has in like 
manner been treated with acids. It should be tested with litma«- 
paper. 

The residue insoluble in water is next treated with dilute hydro- 
chloric acid, and heated for some time to boiling. The undissolved 
portion is allowed to subside and the clear fluid decanted. This 
operation should be repeated several times, both with dilute and 
concenti*ated hydrochloric acid. Boiling with HCl generally dis* 
solves out whatever is soluble, and NOsHo has rarely to be resorted 
to. If an insoluble residue be left, treat with small quantities of 
aqua regia. Observe carefully what clianges take place when the 
substance is treated with acids, especially whether any and what 
guises are disenga^^d. 
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The residvA insoluble in water and acids should be carefully 
washed with distilled water, filtered, dried, and then mixed with 
three to four times its weight of dry CONaog and COKos (fusion- 
mixture) and* fused. The fusion is best performed in a platinum 
crucible, provided the insoluble residue does not contain any metals 
capable of forming alloys with platinum. This can be readily ascer- 
tained by an examination of the residue in the dry way. 

It should be borne in mind that only bakic, strontio, calcic, 

AVD PLUMBIC SULPHATFS *, PLUMBIC AND ARGENTIC CHLORIDES ; SlOs, 
H ANT SILICATES ; NATIVE OR IGNITED AlaOs AND ALUMINATES ; IGNITED 

Gr,Os and Fe^Oa; chrome iron ore; SnOa (ignited or as tin- 
stone) ; ignited SbaOi (a few metaphosphates and arsenates) ; 

GaFa, AND A FEW OTHER NATIVE FLUORIDES ; SULPHUR AND CARBON, 

are usually present in the residue. 

Ag4FeCy« and AgcFeaCy », AgBr, Agl, and AgCy are decomposed 
into AgCl by boiling with aqua regia. 

Solutions 1 and 2 may be examined separately, or they may be 
mixed and examined together; A separate analysis of the aqueous 
and acid extracts becomes necessary only when it is intended to 
show how the acids and bases are combined in a compound body. 

The examination of a residue requiring fusion with alkaline car- 
bonates is invariably conducted separately. The fused mass is 
boiled with water and filtered; the powder, insoluble in water, 
containing the base in the form of a carbonate (oxide or metal) is 
dissolved in HCl or NOaHo. The aqueous extract is examined for 
acids, and the acid extract for bases. 

Alloys are dissolved in dilate or concentrated HGl, sometimes 
mrith the aid of platinum foil, or with the addition of a few crystals 
of potassic chlorate, and their solutions examined as usual. 

Cyanogen compounds are best destroyed by fusion in a porcelain 
csrucible with 3 or 4 times their weight of a mixture of 8 parts of 
SOaAmoa and 1 part of NOaAmo. The metals can then be detected 
in the residue in the usual manner. 

Remark, — In order to aoonomize time, the solution of a substance should be 
pmared at the same time as the examination in the diy way is conducted, and 
'vrhust the separation into groups is efFeoted bj means of the several group- 
reagents. The precipitates can then be well washed. Again, the time occupied 
in the eraporation of the filtrate from Group II, and in separating Fe'\ Cr'^ 
and AI*^ by means of COBao^' in Group III, maj be cmplcyed in the examina- 
tion of the precipitate produced by UCl or SHf, aa well as in detecting the acids 
in the dry and wet way. 
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GENERAL TABLE FOB TKE 



To the greater portion of the original aolntion add HGI, ma 



The FBEOiPiTATB may contain — 



FbOli, white 
AgOl, ,9 



(Note 2.) 
Examine by Table I. 



The 


KSTBATi (Note 8) ia lai^gelj^ 


The FSECIPITAT 

BjrS, black 1 

PM. „ 

Bl^ „ 

OuS, 

OdS» yellow. 

SnSy brown 
BnSs, jellow 
8bsS|, orange 
SbjSj, „ 
AihSi. yellow 
JLusSs, Uack 
PtSj, „ 


B ma J contain — 

Insolnble in aodie hydnite, 
^ or jellow T»*TVff'^ift eul- 
phide. 

Solnble in aodio bTdrmte, 
» or yellow — "»iy"S^ •ni* 
lOiide. 



Examine by Table IL 
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EXAMZNATlOir Of BASES. 



loDg as a precipitate is produced, and heat genUj. (Note 1.) 



diluted "with water (Note 4), saturated with gaseous 8H3, and gently heated (Notes 5 and 6). 

STapontte the tiltbatb till free from SHj, then add a few drops of concentrated VOiRo, and 
ersporate to complete diyness. If oxalates or organic matter (Note 7) be suspected (indicated 
by the blackening of the residue), heat to redness in a porcelain dish, but not otherwise. Treat 
the rendue with a little concentrated HGl, add water and heat, when it dissolyes either wholly or 
leares a white residue of SiOj (Note 8). Test a small portion of the HCl solution with ammonio 
moljbd&te, with the addition of concentrated nitric acid. 

(A.) Ifoprmnpitefte is obtained, POHoa !• absent. — Add AmGl, AmHo, and SAmj, to the remaining 
portion of the solution, heat to boiling, and filter quickly ; wash weU with hot water 
containing a few drops of ammonic sulphide. * 

(B.) A precipitate is obtained, POHog is present. — Add AmCl and AmHo in slight excess to the 
remaining portion of the solution, heat gently and filter quickly ; wash well with hot water. 
To the filtrate add 8Ams to slight excess, heat to boiling and filter. Wash with hot water 
containing a few drops of 8Am2, and examine filtrates under Group lY. Transfer the two 
precipitates to a porcelain dish, and digest with a little SAmg (Note 9). Filter oiT and 
wash well. Neglect filtrate (Note 10). 



(A.) 

The FBiciPiTAra may con- 
tain — 

Al^Hoc yellowish- white, 

gelatinous. 
CrsHofy bluish-green. 

black. 

white. 

flesh-ooloored. 

black. 

C08. 

Bxamine by Table III A. 



(B.) 

The PBECIFITATE may con- 
tain — 

Al|Hoc yellowiBh-white, 
gelatinous. 

CrjHoe, bluish-green. 

FeS, black. 

ZnS, white. 

WnS, flesh-coloured. 

HIS, black. 

Cos, 

Together with the phosphates 
of (Cr) and Al, as weU as of 
the alkaline earthy metals. 
(Note 11.) 

Examine by Table m B. 



To the TILTBATB from III A. or 
III B. add AmHo and CO Amoj, 
heat gently (Note 12) and filter. 



The FBBOIPITATB 

may contain — 

OOBao", white. 

OOSro", 

OOCao", 



>i 



Examine by 
Table IV. 



Solution may 
contain — 

Wflro. 

ONa,. 

Examine by 
Table V. 
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NOTES TO aENEBAL TABLE. 

1. In ease the original substance had to be dissolTed in hjdroehlorie aodt 
SHg may be passed at once. 

2. In a saturated solution of a baric salt, Hd produces a white precipitator 
soluble in hot water. From an alkaline solution HCl may precipitate BiHo« 

(gelatinous), BH03, BzHo [and uric acid] crystalline, also SbjO* (amorphous). 
Metallic oxides, such as AI2O3 and metallic sulphides, such as A82S3, SbjS^ 
SbjSj, SnS, and SuS^, wliich dissolve in NaHo or SsAm^, may likewise be pre- 
cipitated on the addition of UCl, and are best examined separately. 

8. If arsenic has been detected in the preliminary examination, this filtrate, 
which may contain pentad arsenic, should be boiled with a solution of SO Hoj, or 
SOHoAmo, and the acid solution evaporated considerably to expel the S(V 
Ba, Sr, and Pb, when present, may be precipitated either partly or wholly, aa 
sulphates. The precipitate is best examined separately. 

4. Certain oxychlorides, tf.^.,of Bi, Sb, or Sn« may be precipitated on the flrvi 
addition of dilute HCl, or water, but are readily redissolved on the addition of 
more acid, and on gently heating ; or the precipitate may be disregarded, sines 
8H3 reaJily converto the finely divided oxychlorides into the corresponding 
metallic sulphides. 

5. 8II« often produces merely a precipitation of sulphur, owing to the 
presence of oxidiziug ngents,.such as 01, or, 1 (SOHoj, NOHo), NOfHo, ClHo, 

{oHo' {oHo» { OHo' ^'^^ ^'^^^^^^ ^' ^^ ^®™*^ ■^^•- ^" pwcipitato 
is easily distinguished by its being white and remaining suspended in the solutioii. 
It may be neglected altogether. A brick red precipitate of Pb^B(}ls often comes 
down from strongly acid (HCl) solutions, if the solution has not been sufficientlj 
diluted with water. Cadmium is often left in solution, if too modi add be 
present. 

6. SH] should be passed once more through the filtrate, to make sore of the 
complete precipitation of all the metals of Group II. 

7. Organic acids, e.^., THoj, CiHoj, also sugar, eto., prevent the predpitatum 
of AI3H06, etc., in Oroup III. (Comp. p. 166.) 

8. It is possible that this SlOs may be mixed with other substances, «^^ 
AlgOs, Or:(Oj, Pe^Oa (rendered insoluble by strong ignition), SOsBeo'', 
SO^ro'', in which case it is necessary to examine it separatenr. 

0. If the S Ams were added simultaneously with tne AmQ and AmHo, phos- 
phates of Fe, Mn, Zn, Ni, and Co would be decomposed into sulphides, with 
formation of POAmo^, which might produce a precipitate of a phosphate of the 
alkaline earthy bases, by acting upon salte of these bases other than phosphates, 
or act as a solvent for other phosphates in the presence of AmUo. ^[Tomp. 
p. 52.) 

10. This filtrate may contain POHos, a proof that a phosphate of the metals 
Fe, Zn, Mn, Ni, or Co was present in the original HCl solution, or, etes esrtdl, 
that all these metals (or one or several of them) may be present. (Comp. 
p. 62.) 

11. Small quantities of borates and fluorides of the alkaline earthy metals 
may likewise be precipitated, together with the alkaline earthy phosphates, but 
need not be examined further, since their bases will be detected in Oroap lY, 
and their iicids on examining in the usual way for adds. 

12. The solution must not be boiled, since tlie AmCl, b^ doable deeo m pos i tion, 
dissolves the idkalins earthv carbonates forming chlondes and ammoiiio 
bonato, whicA vobtiliMs with the •queons raponr. 
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Table H.— SEPARATION OF 



The precipitate may contain BffS, PbS, B^si CuS, OdS, SnS, SllSs, BhA* BbSi, 

(Comp. p. 90.) Wash the precipitate until free from 



-A 



Besidtjs. — Wash well; boil in a little concentmted NO3HO} until all acUon oeaaes. Dilute with 
water ; add dilute SO2H09, as long as a precipitate is produced ; allow to cool and add an equal 
bulk of alcohol (methylated) ; filter. 



Residxte. — May contain lEKgS, SOgPbo'' 
and S. Boil in ammonic acetate : 
SOaPbo'' disBolyes s allow to cool 
and filter. 



Bbsidui consists 
of IlgS and S, 
or of S only. 

Confirm by re- 
ducing the dried 
BflrS in a bulb- 
tube with dry 
OONao,. 

Metallic mirror 
and globules. 

Presence of Hy. 

(as mercuricum.) 



Solution. — Add 
OrOjEo^ yel- 
low precipitate 
of OrOjPbo". 

Preteneeof Pb. 



SoLXTTiON. — Boil off the alcohol, add exceas of AmHo ; 
boil and filter. 



The PBBCIPITATB 

consists of 

BlHo^. I>is- 
solve in a few 
drops (^ dilute 
HGl ; eyapo- 
rate nearly to 
dryness and 
add water. 
Milkiness from 
810C1. 

Presence of BL 



SOLITTION. — Acidulate tlightlj with 
HGl and pass SHs ; filter off and 
wash the precipitate with weak SH] 
water. Boil with dilute SOfHos 
and filter. 



Rbsidub. — Dis- 
solveinNOaHo; 
add sli^t excess 
of AmHo, then 

OOHo, '^'^ 
K4FeCy6. Brown 
precipitate of 
CusFeOyc. 



{ 



Preseneo of Gn. 



SoLunov. — Add 
AmHo ondpaM 
SH,. TeUow 
predpitofta of 

PTMOBOe of CtfL 



IfoU 1. — OqS is fomewhat soluble in SfAms and Bg13 in SNai. It la therefore adriaable to 

If both OoS and W^fi are present di«olTe io 
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THE KBTALS OF GBOUP IL 



. "- 



lot 



in a 



(An mA "Pt !!|™^ --^-^ 

HCiTboil -wSKJ^Sb, or S»Ainsi and filter (Note 1). 




.pOZfeiOBjof t.hg filti'at^ fmm ftwniip J). 



SoLimoH may contain Am, Bh, Sn (Au and Pt) as anlpho-ialts. Addnlate with dilute hjdio- 
cfaknie acid, ASfSa, Sb^^i , and SllSs are xepreapitated. Filter and waah ; digest with 
COHo Amo and filter. 



Sbidttb consists of SbsSf and SnSs. Dissolye in boiling 
HOL Introduce into a lianh's apparatus in which 
l^diogen is generated by means of pure Zn and HCl. 



SbHa comes off. Collect as 
metalUc Sb on porcelain or 
gjlaes and identify the de- 
posited metal by means 
of CINao or diy HCl gas. 

FFtMBce ef sn* 



The BKSIBU1I in the gene- 
rating flask consists ox Zn 
and Bn. 

Detach the precipitated Sn 
fix>m the strips of sine; 
wash and dusolre in a 
little concentrated HCl by 
the aid of platinum-foil. 
Dilute with water, and add 
BgClj. A white precipi- 
tate of BflTlClst or of grey 
metallic Hg, is obtained. 

PreMBce of Sn. 



Solution contains AssSs* 
Beprecipitate by adding HCl. 
Confirm the presence of As 
by reducing with KCy and 
vONaos in a bulb-tube. 

Metallic mirror and garlic 
odour. 

Preaenee of Aa. 



dissolye the pradpitate in the absence of OuS with S^Amnaod in the absenceof BffS with SKaj. 
" ' wImd a little OuS will be found in the solution. 
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Tablb m A.— SEPARATION OF THE 



A. POHoa It absent. — ^Dissolye the precipitate from G-ronp IIIa. in a little dilute HCl, with the 

is perceptible. Filter off sulphur if necessarj. Nearly naatnlixe solution with IK>Kaot i add 
possible. Pour off the clear liquid, which contains the clilorides of the metals Zd, Mn, Ni 
chlorides of Fe*^, Al'*^ and Cr**^ ; throw the precipitate—- which oontainft the hydraUa (and basic 
hot water. 



SoLUTioy. — BemoTe BaClj by adding a few drops of dilute SOgHoj ; boil, allow to snbeide, 
and filter off 80i6ao'^ Nearly neutralize the filtrate with OONaos, and add poroNaHo. 
till the solution becomes alkaline ; boil and filtor. 



The BOLUTiON may con- 
tain zinc as XllNaoj. 
Add SH,. White 
precipitate of ZnS. 

Pretence of Xn. 



The FBXCIPITATB may contain BKnHos, OoHof and NlHof. Wash, 
diasoWe in a little dilute HGl ; nearly neutralize with AmHo ; add 

OOAmo *°^ * ^^® acetic acid ; pass a rapid eonentof 
8H2 for sevend minutes through the solution and filter. 



The BOLUTIOK con- 
tains the manganese 
as acetate. 

Add AmCl, AmHo and 
SAm}. 

Flesh-coloured preci- 
pitate of SKoS. 

PFetenee of Hn. 



RBSiDTnt.— Dissolye in HCl and 1 0^0 » ^'^^^^J 



neutralize with OONao^ ; add a weak ■olii' 
tion of KCV, BO as just to ivdiaaolva the 
precipitate first produced. Boil brisUr for 
some time, allow to cool (filter off any slight 
precipitate), and add a strong eolntwn of 
ClNao ; allow to stand for some time in a 
warm place, as long as a black precipitate 
forms, and filter. 



Pbbcip. — NlfHof. 
Gonfinn by heating 
a small portion of 
it on a borax-bead 
before the blowpipe 
fiame. 

A yellowish to sheny- 
red bead. 

Pretence of HL 



The soLunoH con- 
tains the cobalt as 
KcCojCyi]. Erapo- 
rate to dryness, and 
test a little of the 
residue before the 
blowpipe flame 00 a 
borax bead. 

A blue bead in both 
flanea. 

ProMsoo or Co. 



j^^ X. If no pure NaHo wn beprocnred, a oomparatiTe teat should be made, by aridnlating a 

precipitating it with <mute HCl and AmHo. If the aax»unt of precipitate thna obtained 
whether Al he present or not in the mixtnxe. 
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METALS OF GROUP IIIa. 



addition of » few small crygtala of 4 q v^* Digest at a gexxtle heat, as long as anj chlorous odour 

COBso'' and shake welL Allow to subside in a flask kept corked, to exclude the air as much as 
and Co, as well as SaCls, arising from the double decomposition of the OOBao^, by the 
sslt^ of Fe^*, Ai'^ and W'', as well as the excess of OOBao'' employed — on a filter and wash with 



PbecifitItb. — >T>i8solre in dilute HCl ; remove the BaCl.j thus formed, bj dilute SO^Hoj and 
filter. Nearly neutralize the filtrate with OONaot, and add pure NaHo (free from alumina) 
(Note 1) in excess, and boil for some time. PesHo^ and OriHof are precipitated. AljHos 
dissolves in excess of NaHo. 



Pbbcipitatb. — ^Fuse with fusion-mixture and HO^Ko on pla- 
tinum foil. Dissolve the alkaline chromate which is thus 
formed in hot water, and filter. 



Residub. — ^Dissolve in dilute 
HCl and add KiFeCys- 

A. pirecipitaie of Prussian 
blue. 

Pretence of Fe. 

Dilute and test the original 
HCl solution specisJly for 
Fe'' and Fe*^^bv means of a 
solution of BKllsOsEos, as 
well as by means of K|FeCyt, 
KeFe^ym or CyAms. 



SoLUTioir, yellow. Confirm bj 

I OH 

acidulating with luQu-Q and 

Yellow precipitate of 
OrOaPbo". 

Pretence ef Cr. 

Test the original substance 
specially for Or303 and 
CrOj, by boiling a small 
portion with OONaoj. The 
filtrate contains the chro- 
mate, and the residue the 
OraOj. The latter may be 
converted into a soluble 
alkaline chromate by fusion 
with OONaoji and NO^Ko. 



SoLUTiOK. — Acidulate with di- 
lute IICI and add AmHo 
in slight excess. 

White gelatinous precipitate. 

Presence of Ah 



quantity of aodie hydrat^» about equal in bulk to that employed for redissolving the alumina, and 
Dom tiie reagent alone, at all equals that of the iLljUOs precipitate, it must remain doubtful 
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Table m B.— SEPAB^TION OF THE 



B. POH09 ii present. — DiBsolTe the precipitate obtained aoooiding to the dtieotiona pTen in 
I OKo* ^ iteoesaaiy. Digest at a gentle heat, aa long as any chloious odour ia pafoeptiUe. 

metols Zn, Mn, Ni, Co, Al^^ Cr*^ Fe^^ as well as phosphates of W% Al«% Ba, 8r, Oa» and 

r OH 

and •< nn^Q ^ ^o^g ^ * precipitate is prodooed. Heat gentlj, and filter hoi. 



The SOLUTION maj contain the chlorides of Al, Cr, Zn, Mn, Ni, Co (Ba, 8r, Ca, Ms), as neU as 
the phosphates of the alkaline earth j metals. Add Pe^Cl^ (Note 2), drop bj curap, as long 
as a precipitate forms and till the colour of the supernatant fluid becomes led. The re- 
maining phosphates of the alkaline earthy metals are thus decomposed. Digest lor some time 
at a gentle heat ; aUow to subside and filter hot. Wash with hot water. ' 



The SOLUTION eontaind now onlj chlorides — possibly of all the metab of 
Gsoi^ Illf ee well as of the metals of the alkalme earths — ^the whole 
of the phosphoric acid having been eliminated. Add AmCl, AmHo 
and SAm2. A black precipitate is obtained. FUter. 



Solution. — Add OOAmos. 



A white pbbcipitatb 
which may be — 

OOBao", 

OOSro", 

OOCao". 
Ezamme by Table lY 
(without, howerer, 
mixing it with the 
precipitate obtained 
m Group lY). 



Solution may oontain 
Mg. Add 
POHoNsos. 

White ciystalline pre- 
cipitate. 

Vreaenee of Hy. 

(as phosphate.) 



Examine PBBCiPiTAn 
according to Table 
niAforCo,Ni,Mn, 
Zn, Aland Cr. 

Test a portion of the 
original substance, 
dissolyed in water or 
HO, for ¥t'' and 
Fe»\ 



The FXBCIPITATI con- 
sists of F/>tFe90^ 
and ferrio acetate. 
ITe^eot. 



Note 1. — ^Test a portion of this hydrobhloric add solutioa with ammonio moljUite for 
Ca, Mg, were originally present, but only phosphates of Ki, Co, Mn, Zn and Fe, daoomposable by 

NoU 2. — ^If TefiU produces no further preoi^tate with a poriiam of the aoatio aeid solutkm, 
dissolution of FeS in HCl being frequently suiBcient to decompose the whole of the phosphates 
Ca and Mg. In this case no feme salt need be added to the wuumpariUm ot the solution, and the 

Jfefo 8.--InBtead of fbsinff with SlOt and OONao,, the preseooe of F/)»Also^ (F^)Ak>** 
with NaHo, whioh dissolyea F^OiAlsO^ and deoompoees the ftirio phos ph at e, with fmm a Ou ii of 
repreoipitated* 
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METALS OF GBOUP inB. 



the Qenenl Table imder G-ioup III B., in dilute HC1| with the addition of a few crystals of 
Filter off snlphur, if necessary (Note 1). The solution may now contain the chlorides of the 

{OH 
OONao 



The PBSCIPITATB nuiy consist of PjOjFciO^*, PjOjAlaC (Note 8), Pj020rjO'>. Dry on the 
filter. Fuse in a platinum crucible with 8IO3 and pure fusion mixture, together with a little 
HO9E0. Dissolye in hot water, add OOAmos ; digest, allow to subside and filter. 



Kbsidub may consist of SIH04, SlsOsFcsO^S SlsOgAlsO^ and Fe^Hoe. 
Acidulate with HCl ; evaporate to dryness and ignite gently. Extract 
with a few drops of concentrated HCl and hot water. Filter. 



Solution. — Nearly neutralize with OONaos, and 
add pure NaHo in excess. Heat and filter. 



Besidfi.— FesHog. 
Confirm by dissolv- 
ing in Hd and 
adding CyAms. A 
blood-red colour. 

Presenee of Fe 

(fupko^pkaie). 



SoLUTiOK. — Acidulate 
with dilute HCl and 
add AmHo in slight 
excess. 

A white gelatinous pre- 
cipitate. 

Fretenee of Al 

(as phosphate). 



Rbsidub SlOj. 
Neglect. 



( 



SOLITTIOK. — Add 
OOHo *°^ 

Tellow precipitate. 
Presence of CrOs, and 

therefore 

Fretence of Cr. 
(as phosphate), 

A white precipitate of 
PjOsPbo", indicat- 
ing the presence of 
POHosf may be neg- 
lected. 



phosphoric acid. The absence of a yellow precipitate proves that no phosphates of Al, Cr, Ba, Sr, 
SAnis. Proceed, therefore, to examine the solution at once by Table IIIa. 

it is obvious thai no phosphates of the alkaline earthy bases are left, the FesCl« derived from the 
of the alkaline earthy metals in an acetic solution into ferric phosphate and chlorides of Ba, Sr, 
examination of the filtrate may at once be proceeded with aoooiding to Table IIIa. 

is nrdy met with) may also be ascertained by boiling the precipitated phosphates of Fe and Al 
VOtH(%. Filter. ioidulate the filtrate with dilute HU; add AmHo, when IPfifAl^''^ is 

•^fu>4^f;4tU i^i>c^d uArd ^vitc oxT^ci /-^'^i yi/Lc^so/c, a i^^ut^ 
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EXAMINATION FOR ACffiS. 

Before proceeding to the examination for acids, the analyst will 
do well to consider carefnllj which acids can possibly be combined 
with the bases present. A perusal of the Table of Solubility of 
Salts, given in the Appendix, will materially aid him, and will prcK 
bably save him much laboar and time. 

Some acids are detected on examining for bases, viz., Ab»0^ 
ASaOs, SiOa, and POH03 in combination with metals of Group III 
and IV, CrOjHoa, CO2, SH,, SOHo,, SSOHo,, CTHo, NOHo, the 
six lastly mentioned acids on dissolving the substance in dilute HCl, 
or on adding HCl in Group I. 

A careful preliminary examination for acids will probably lead 

to the detection of a further number of acids, e.g.^ of HI, < qtt » 

^^^» { OHo' "^^ { OHo' NO,Ho, (NOHo), HCl, (ClHo), HP, 

HGy, H^FeCy., HcFe^Cyw, CyHo and CyHs, | gg^^ and { ggg^. 

The presence of other organic acids is likewise indicated. When 
more than one of these acids is present, the detection is somewhat 
more difficult, and the results obtained by a preliminary examination 
for acids require to be carefully confirmed by the examination of the 
solution. Thus a chloride in the presence of a nitrate, when 
treated with concentrated SO2H02, evolves chlorine and red fnmea 
of lower oxides of nitrogen ; in thepresence of a chromate, brownish- 
red fumes of CrOsCla. HgCla, MgsClt, Or BnCU does not evolve 
HGl when treated with BO2H0S. Polysulphides, when treated with 
HCl, evolve SH3, with separation of sulphur. BOs and BHt, when 
evolved simultaneously, destroy each other, etc. 

When the preliminary examination gives no distinct indication 
of the presence of any of the acids just mentioned, SOtHoi, BHoi^ 
POH03, SiO, will have to be looked for. 

The analyst will have to bear in mind that acids cannot be 
detected in the same systematic order as bases, and that he ought, 
therefore, never to be satisfied till he has confirmed the presence of 
ncids by the most characteristic special tests. 
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Pebpabation of Solutions for Acids. 

Great care onght to be bestowed upon the preparation of the 
solutions required for the examination of acids. On boiling a por- 
tion of the substance under examination with CONao, nearly all the 
metals other than alkalies are precipitated in the form of carbonates, 
basic carbonates, or oxides. 

(It is neoessary to decompose the salts first in order to prerent the precipita- 
tion by the sereral reagents employed for the detection of acids in the wet waj, 
e.g., of Ba, Sr, Oa, or Pb, on the addition of SOjOao'' or SOsMgo'^; ofAg, 
'Hg'3 or Fb, bj BaCls or OaClg; of Fe and others by AmHo, etc., etc.) 

The precipitate produced by CONaoa (which reagent ought to 
be added in the least possible excess) is filtered off, and the filtrate 
tested with a few more drops of CONaO). If no farther precipita- 
tion takes place, the solntion is heated to boiling, and 

1. Dilute HCl added to a portion of it, as long as CO3 is evolved, 
and till the solution is rendered distinctly acid. 

(Small quantities of SOsNaos and KaCl are almost inTariably contained in 
the commercial OONaos; it is therefore neceesair to test a portion of tho 
aqueons, or HC^ solution of the substance, prepared without the intervention of 
OONaoj, for SOjHoj by means of BaClj. A nitric acid solution of the original 
substance is in like manner tested for HCl by adding If OgAgo.) 

2. Another portion of the alkaline filtrate is rendered acid by 
means of dilute NO2H0 and boiling. 

3. A third portion is rendered acid by means of dilute < rt^rr ; 

and lastly — 

4. A fourth portion of the alkaline solution is carefuRy new* 
tralized by first adding dilute NOsHo, drop by drop, and boiling, 
as long as CO3 is evolved^ and till the solution is distinctly acid to 
test-paper : then by adding a few drops of very dilute AmHo, till 
the solution gives a neutral reaction with blue and red litmus- 
papers. Ths girictest attention should be paid to these directions^ and 
the least possible excess of either acid or alkali should be employed, 
since the precipitation of several acids is prevented by the formation 
of an ammonic salt in anything like large quantities, on account of 
the formation of a soluble double salt, e.g., ammonic calcic tartrate, 
ammonic calcic citrate, etc. 

If the preliminary examination for bases has shown the presenco 
of ammonic salts, it is necessary to decompose them by boilmg with 
caustic NaHo, before preparing Solution IV. 

Ebullition or fusion with CONaoa decomposes the phosphates of 
the alkaline earths but very imperfectly, and the phosphoric acid so 
combined is invariably detected by means of MoOtAmos. (Gomp. 
Table III B.) 

If organic acids are present in combination with heavy metals 
(viz., those of Ghx)ups I and II), SHa should be passed through the 
slightly acid (HCl) solution and the precipitate filtered off. The 
solution is freed from SHt by boilmg, then rendered slightly 
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alkaline by means of a few drops of NaHo and tested by means of 
CaGla (ammonic salts shonld be carefdily avoided). 

No farther notice need be taken of the following acids : CO2, 

{CH 
COH ' ^^^^^ ^^7 ^^^ ^^ detected with 

certainty by a |»«liminary examination, and as they would, for tho 
most paii, oe lost on acidulating the solutions. 

PoBTiON Acidulated with HCl. 

S0sHo2. — On the addition of BaCla a white precipitate, insoluble on 
boiling. 

8iHo4. — On the addition of AmCl or COAmoa a gelatinous pre- 
cipitate, requiring no farther confirmation, since SiO» is left 
on evaporating the filtrate from Group II with NOtHo. 

HiFeCye. — On the addition of Te^Gle a deep blue precipitate. 

BOaFeo" light „ 

HeFcjCyia. — „ „ „ dark deep „ ,, 

„ „ F6sCU a brown coloration only. — ^If 

both acids are present, filter off, after adding FejCU, and 
observe the colour of the filtrate. On the addition of SnCU, 
or SOH02, to the filtrate, a blue precipitate is immediately 
obtained, confirmatory of the presence of HeFeaCyw. 

CyHs. — PCaCle produces a blood-red coloration, which is destroyed 
by HgCia and not by HCl (the red colour which acetic acid 
imparts to a solution of FOaOle is destroyed by HCl). 

2HF,SiF4. — On the addition of BaCla a gelatinous translucent 
precipitate of BaFajSiF^ is obtained, which is decomposed by 
strong acids. Confirm by heating the precipitate, when 
volatile SiFi is given off. AmHo precipitates gelatinous 
SiHo4 with formation of AmF, BaFa and OHa. 

Portion Acidulated with NOaHo. 

HCL — On the addition of NOaAgo a white curdy precipitate, 
soluble in AmHo. For the distinction between hydrochloric 
and cJdarie adds comp. p. 121. 

HBr. — On the addition of NO^Ago a yellowish-white precipitate, 
difficultly soluble in AmHo. Confirm by adding chlorine 
water to the original solution, and shake up with ether. 
Bromine dissolves to a yeUowish-red liquid. 

< qt/ . — On the addition of NOaAgo a white amorphous precipi- 
tate, little soluble in water and dilute NOaHo^ easily soluble 

{OBr 
Q. may be separated by wash- 
ing with water. Argentic bromate being soluble may bo 
detected in the solution by the addition at SOHoa, when a 
preci{Htate of AgBr is obtained. 

For the disHneUon between HBr and HGl^ comp. page 125. 
HI. — On the addition of NOtAgo a yellowii^ white precipitate, 
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scarcely soluble in AmHo. Confirm by the blue oolonr im- 
parted to starch paste by the iodine liberated by N3O3 gas. 

I OHo' — ^^ *^® addition of NOjAgo a white precipitate of < qa , 

sparingly soluble in dilute NO2H0, soluble in AmHo (Agl 
is insoluble), whence Agl is precipitated on the addition of 
SO E02. On adding acetic acid to a mixture of an iodide 
and iodato the former is instantly decomposed, iodine being 
set free, — most readily recognised by the delicate iodide of 
iStarch reaction. 

Distinction between HCl and HL — HOI in the presence of 
HI cannot be distinguished in the same ready manner as 
HCl in the presence of HBr. The two acids are preci« 
. pitated by NOzAgo. The precipitate is digested with AmHo 
and filtered, Agl being insoluble in AmHo. Dilute NOsHo 
reprecipitates white AgCl from the filtrate. 

Distinction between HCl, HBr, and HL — Prooipitate the 
HI as CU3I, by means of SOsCuo" and SOsFeo" or SOHo,, 
and filter. Remove the cupric and ferric salts by « little 
pure NaHo, evaporate the filtrate to dryness, and examine 
for HCl and HBr by testing one portion for HCl with 
CFsOsKos and S02Hoa, and another for ELBr by chlorine- 
water and ether. 
HCy. — On the addition of NOiAgo a white curdy precipitate, 
soluble in AmHo and alkaline cyanides. 

In order to distinguish HCy in the presence of HCl, filter 
ofi^ precipitate, wash well, and ignite in a porcelain crucible 
to red heat. Dissolve the metallic A^ lefl by the decom- 
position of AgCy with a little hot NOzHo, and test the 
clear solution with HCl. A curdy white precipitate indicates 
HCy. Confinn also by the reaction with ferroso-ferric salts 
KHo and HCl in a fresh portion of the solution. 

Distinction between HCl, HBr, HI, and HCy. — Test 
specially for HCy, before proceeding to the examination of 
the other acids as described, by treating a small quantity 
of the mixed salts in a porcelain dish with very dilute 
8O3H0S, and causing the evolved HCy to act upon a drop 
of NOsAgo, or a little E(sAms, contained in a second por- 
celain dish, inverted over the one containing the mixed 
salts. A white precipitate of AgCy is obtained; or the 
GyAms which is formed gives a blood-red colour with ferric 
salts, affording equally conclusive evidence of the presence 
of HCy. 

CyHs 1 

HiFeCye ? &i*e likewise precipitated on the addition of NOsAgo, 

H.FeiCy„J 

and are insoluble in dilute NOsHo. The fijrst and second 
form salts which are insoluble in AmHo, whilst Ag,Fe«Cyn 
is roadil^ soluble. These acids are, however, best detected in 
the portion acidulated with HCl. 
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No other ojanogen oompotmd but a ojanide gives off HOy when 
treated with yery dilute SOaHoj, and it is therefore poseible also to 
distinguish HCy in the presence of OjHs, CjHo, HfFeCjet HeFe^Oju. 

Portion Acidulated with < qq^ • 

HP. — On the addition of CaClt a white gelatinous precipitate. 
SOiHos is likewise precipitated by CaCIa in an acetic acid 
solution ; it is therefore necessary invariably to test specially 
for HE, by etching on glass* 

1 COH • — ^ ^® addition of SOtCao" a white precipitate of 
1 Ccfi^* ^ obtained, which on ignition leaves COCao", 

Bolnble with effervescence in < nnrr^* (Calcic flnoride is not 

affected.) 

CrOiHos. — On the addition of plumbic acetate a yellow precipi- 
tate. 

POHoa. — On the addition of POaCl^ a yellowish-white gelatinous 
precipitate from a solution of a soluble phosphate, or a phos- 
phate decomposable by boiling with CONaoa. Arsenic acid, 
if present, should be first removed by means of SHs. 

Portion Rendered Neutral. 
THoa.— ^On the addition of CaCla a white precipitate, soluble in 
AmCl or coldKHo.— SO,Hoa, | qqHo' ^^' ^OHoa, AsOHo,, 
BHoa, SiHo4, COa, SOHoa, are likewise precipitated by CaCU 

from a neutral solution, and THoa can obviously be detected 
only by further special tests in the presence of any of these 
acids. The most characteristic reaction consists in warming 

some TAgOa, dissolved in very little dilute AmHo, in a water- 
bath, until a bright mirror of metallic silver is obtained on 
the sides of the test-tube. . 

CiHo). — On the addition of CaCla no precipitate is obtained till 
excess of AmHo, or CaHoa, has been added and the solution 
boiled. 

The detection of tartaric and citric acids — vindicated during 
the preliminary examination by a strong odour of burnt sugar 
— ^requires great care and strict attention to the few points of 
distinction which exist between them. The precipitate pro- 
duced by CaOla in the cold should be filtered off, and the 

filtrate tested for CiHoa, by adding a drop of AmHo and 
boiling, when a fresh precipitate of calcic citrate is obtained. 

GiAgOa dissolved in dilute AmHo, forms a less lustrous 
mirror, and only after boiling for a long time. 
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BHos.— CaCIa prodaoefl from a concentrated solution of a borate a 
whitish precipitate soluble in AmGl. Boric acid is also indi- 
cated in the preliminary examination by the swelling up of 
some of its saline compounds, and the precipitation of a con- 
centrated solution of a borate with concentrated SOsHos or 
HCl. 

More delicate, however, is the reaction which boric acid 
giyes with turmeric paper,- and the colour which boric fluoride 
imparts to the flame. (Comp. page 131 and 142.) 

BzHo. — On the addition of Fe,Cl« a pale yellow precipitate. Con- 
firm by the reactions which a benzoate g^ves in the prelimi- 
nary examination, since a precipitate of FOaHoe is frequoitly 
mistaken for ferric benzoate, owing to imperfect neutraliza- 
tion. 

SuHos. — On the addition of FeaG]« a reddish brown precipitate. 

For ike dtsUnctiou between henxoio and succinic adds^ com- 
pare page 163* 
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BEACTIONS OF THE BABE HKTALS. 

Metals are termed rare when tJiey occur in nature to a limited 
extent, and, for the most part only, in certain minerals, and in 
certain localities. Some of the heavy metals, possessing very little 
affinity for oxygen, snch as Pallaj)ium, Rhodium, Osmium, Ruthe- 
nium, and Iridium, are found native, and associated with the native 
metals Platinum, and Gold. Others are found in combination with 
oxygen, snch as Titanium, Uranium, Tantalum, and Niobium ; with 
sulphur or arsenic, snch as Tungsten or Wolfram, Molybdenum, 
Vanadium, Thallium, and Indium. 

Others, especially the rare metals usually classified among the 
so-called light metals, having a specific gravity for the most part of 
less than 5, and yielding insoluble oxides which are mostly specifi-* 
cally heavier than their metals, such as Qlucinum, Zirconium, Tho- 
rium, Cerium, Lanthanum, Didymium, Yttrium, Erbium, are chiefly 
met with in nature as oxides, in combination with silica (sometimes 
combined with titanic, niobic, and tantalic acids) ; and lastly, the 
rare metals of the so-called alkali group, whose oxides possess the 
most pronounced basic character and are soluble in water, such as 
Lithium, Rubidium, and Caesium, are chiefly met with as salts, — 
carbonates, phosphates, or silicates — and in a soluble condition, in 
sea-water, or in certain mineral springs. 

The rare metals cannot be studied with advantage, without 
taking into account their mineralogical associations ; and, as many 
of them have as yet been imperfectly investigated, they present 
difficulties, to be overcome only by careful attention, not merely to 
the distinctive analytical features, but to their general chemical 
history. 

The following is the analytical position assigned to these metals 
by the various group reagents : — 

Group I. Frecipitated by HCl : — Tungsten, as tungstic acid ; 
niobium, as niobic acid ; thallium, as chloride ; 
(tantalum, as tantalic acid, and molybdenum, as 
molybdic acid, are soluble in excess of HCl). 

Gronp II. Precipitated by SHt, from a HGl solution, as sul- 
phides i — 

(A.) Insoluble in yellow annmomc sulphide: — 
Palladium, rhodium, osmium, and ruthe- 
nium. 
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(B.) Soluble in yellow amnionic sulphide : — ^Oold, 
platinam, iridium, molybdeniun, tellarioin, 
and seleninm. 
Group III. Precipitated by AmCl^ AmHo, and SAm^: — ^Ura- 
nium, indium (thallium), as stdphides ; glucinum or 
beryllium, thorium, zirconium, cerium, lanthanum, 
didymium, yttrium, erbium, titanium, tantalum, and 
niobium, as hydrates. Vanadium, precipitated as 
sulphide, on adding HCl to the filtrate. 
Group IV. None. 
Group V. Lithium, caesium, and rubidium. 

METALS OF THE ALKALIES. 

The alkali metals. Caesium, Rubidium, (potassium, sodium,) and 
Lithium are remarkable for their highly electropositive character, 
the powerful alkaline nature of their oxides, and hydrates, and the 
very general solubility of their salts. Caesium appears to be the 
most highly electropositive member, whilst lithium shows the least 
electropositive character. They exhibit analogous gradations in 
their respective combining weights, fusion points, specific gravity, 
action upon water, and the solubility of their carbonates, thus : — 



Oaesium. 
188 



Atomic weights 

Fusion-points. . 

Specific gravity"! 
atl5°C. ..J 

Action of the! ^ , = 
».^4-i. ,,»rv«t L water in the oold» 
metals upon V ^^ hydrogen be^ 

water ...... J coming inflamed. 



Bubidium. 
85-6 
38 -5*^ 0. 



Potassium. 
89-1 
62 -B** 0. 



Sodium. lathiani. 
28 7 

96^ O. 180* C. 



Deonmposei 



1-516 



Do. 



865 



Do. 



•97 

Do., Imt does 

not generally 

inflame the 

hydrogen. 



'59 

Do., hot 
withleM 
Tiolenoe 



OOKbo, OOKo^ 



OONaos OOLio, 
Not Difficultly 
deliquesoent. soluble in 
water. 



Solubility of "I OOCso, 

the respective > ^ ^ 

carbonates . . J Highly deliquescent, absorbing 

water speedily from the air. 

Lithium, in fact, appears to form the connecting link between the 
alkali metals, and the metals of the alkaline earths. This is shown, 
more especially, by the comparatively insoluble nature of its phos- 
phate and carbonate. 



REACTIONS OF THE RARE METALS OF THE 

ALKALI-GROUP. 

1. CAE8IlJlI,Cs. Atomic weight, 133. — Occurs in very small quantities in 
many mineral waters, as Chlobidb, and in a few minerals (Lepidolitet) ; in lam 
quantities in the rare felspatliic mineral Pollux, found in Elba, said to contain 
84 per cent, of Caesia. 

JBoth caesium and rubidium were discorered by Bunsen and Kirdihoir in 
1860, whilst examining spectrosoopically the saline residue left on evaporating 
large quantities of the DUrkheim mineral water. The metal caesium has not 
vet be«n isolated, but has been obtained in the form of an ^^•ig^rn. The 
hydrate, CsHo, is yery soluble, both in water and alcohol, and reiy stron^y 
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alkaline. The carbonate, OOCbos, resembleB potassic and rubidio carbonate, 
but is soluble in 5 parts of boiling alcohol. (Distinction fbom OOKO] and 

C0Bb02, WHICH ASB INSOLUBLE IN AlCOHOL.) 

REACTIONS IN THE DRY WAY. 

When heated on platinum wire, in the inner flame of the blowpipe, volatile 
caesium salts impart an intense 8ky«blue colour to the outer flame. (Hence 
the name of the metal, from caeaius, sky blue.) When examined with the aid 
of a spectroscope,* principally two intensely 8ky-blue lines, Csa and Cs/9, close 
upon the strontium line, Srd, are seen (together with yarious other less distinctly 
Tisible lines in the orange, yellow, and green). 

BBACTIONS IN THE WET WAY. 

Use a SOLUTION of Caesic Chlobidb, CsCl. 

PtCl4 (Platinte chloride) produces a light yellow crystalline (octahedral) 
precipitate of the double chloride of caesium and platinum, 2CbC]C 
PtCl4, yeiT difficultly soluble in boiling water — '377 parts in 100 of water. The 
corresponding potassic platinic chloride is dissolyed by repeated treatment with 
boiling water. 

THo] (tartaric acid) produces a colourless transparent crystalline precipi- 
tate of hydric caeai^ tartrate, THoCso ; about 8 times more soluble in water 
than the corresponding rubidium salt. 

Method of Separation of Cs from Rb. — SnC^, added to a solution of the 
chlorides of Na, K, li, Rb, and Cs, containing free HCl, forms a heayy white 
precipitate, consisting of nearly pure caesic stannic chloride, 2CsCl,SnCl4. By 
recrystallization from a hot hydrochloric acid solution, the crystals are obtained 
pure. This reaction affords an easy method of detecting caesium in a mixture of 
the alkaline chlorides. 

* When elements in the gaseous condition, or yaporized by strong ignition, 
are analysed by means of the spectroscope (for a description of which we refer 
the student to Roscoe or Schellen on the Spectroscope), they may be dis- 
tinguished from each other by the respectiye spectra which they giye. The in- 
tensity of the spectra of metallic elements is so much greater than that of the 
non-metals, that the latter are only rarely seen. The heat which can be pro- 
duced by a good Bunsen gas burner is not strong enough to yolatilizeall elements, 
or to heat their yapour highly enough. Most heayy metals can only be 
yolatilized by means of an electric spark, making use of an induction coil, by 
placing the galyanically precipitated metals between the electrodes. In order to 
analyse the ordinary gases spectroscopically, the spark is passed through the 
gpues confined in Gheissler tubes. 

It is usual to employ the spectroscope only for the examination of those 
metals, or metallic compounds, which can be yolatilized by means of the gas 
flame from a good Bunsen burner, such as the alkali metals, sodium, potassium, 
rubidium, caesium, litliium; the alkaline earthy metals, barium, strontium, 
calcium ; and the heayy metals, thallium and indium. The compounds most 
suitable are the chlorides, nitrates, chlorates, perchlorates, and carbonates of 
these metals. A small portion is placed on the loop of a thin platinum wire, 
introduced into the non-luminous portion of the flame, and the spectrum 
examined. The different elements are distinguishable by their respectiye colours, 
as well as by the position, which their lines occupy in the continuous solar 
spectrum. The lines are not all of the same intensity, and therefore not equally 
available. 

It is only by employing larger quantities of pure substences, and heating 
them yery intensely, that many of the less prominent lines can be obseryed. 
The accuracy of the reactions is, howeyer, so great that we can discoyer in this 
manner the merest traces of these elements, and are enabled to disentangle 
mixtures thereof, without actual separation. Spectroscopic analysis constitutes, 
in fact, a most yalnable auxiliaiy to chemical analysis. 
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2. RIJBIDIUIII, Bb. Atomic weight, 85*5. — Oocun widely diffuaed in 
nature, although only iu very email quantities, in a large number of minerals, in 
LepidoUtes and in mineral waters, likewise in the ashes of many plants, sudh as 
tobacco, coffee, beetroot, &c. The metal is obtained, like potassium, by heating 
the carbonate with carbon. It is white, more easily fusible and convertible into 
vapour than potassium, and takes fire spontaneously in air. Its oxide, rubidia, 
ORb2, is a powerful base, and its salts, like the corresponding caesium salts, are 
bomorphous with those of the metal potassium. The hydrate, BbHo, is stronglj 
alkaline, and very soluble in water and alcohol. The carbonate, COBboi is a 
deliquescent salt, insoluble in alcohol. 

BEACTIONS IK THE DSY WAY. 

Volatile rubidium salts, when heated on a platinum wire in the inner blow- 
pipe flame, colour the outer flame dark red (hence the name rubidium, fi!t>ni 
rubiduSf dark red). When examined spoctroscopically, two dari£ red lines, 
KbS, and Bby, on the extreme left of the solar spectrum and close to the potas- 
sium line, together with two distinctly violet lines, and seyeial weaker lines 
in the yellow, readily distinguish rubidium compounds. 

BEACTIONS TS THE WET WAT. 

A SOLUTION OF BuBiDio Chlobidb, BbCl is employed. 

PtCi4 (plattnte chloride) produces a li^ht yellow crystalline (octahedral) 
precipitate of rutoldic platlnle chloride, 2BbGl,PtCl4, very difficultly soluble 
m boiling water. The solubility of the double chlorides of platinum and potas- 
sium, rubidium, or caesium is respectively as 5*18, '634, and *377 in 100 parts of 
boiling water. {Method of Separation of Kfrom Eh and Cs.) 

THos (tartaric acid) yields a white precipitate of hydrle mhldic tart» 

trate, THoBbo, which is less soluble than the corresponding caesium com- 
pound. 

Separation of Caesium from Rubidium. — ^The several platinum salts are first 
prepared ; and after having been gently heated in a current of hydrogen, the 
GsCl and BbCl can be separated from the metallic platinum by hot water. The 
two chlorides are next converted into carbonates, by digestion with COAgoy. 
The solution can then be evaporated to dirness, and the COCsoj extracted with 
boiling alcohol, OOBboj bdng insoluble. Or the carbonates may be converted 
into acid tartrates, by adding to the solution twice as much tartaric acid as is 
necessary to neutralise it. The two tartrates are separated by fractional crystal- 
lisation, hydric rubidio tartrate cysta l l i s i n g out first, being about 8 times mors 
insoluble in water than the hydric caesic tartrate. On ignition, the pure tar^ 
trate yields again the carbonate, from which the various salts may then be 
prepared. 

8. lilTHIUHv Li. Atomic weieht, 7. — ^Appears to be wide^ diflnsed in 
nature, although it is found, in anytning like quantities, only in a tew shjcatis, 
especially in lithia mica or lepidolite (2 to 5 per cent, of li), in petaliie and 
spodumene, and in a few phosphates, such as triphylline, or ferrous [man- 
ganous] lithic phosphate, 3P20tFeo''8, POLioi (with 3 to 4 per cent, of Li), and 
amblygonite (6 to 9 per cent, of Li). It has also been found in many mineral 
springs — most abundantly as vet in a mineral spring in Cornwall — in sea- 
water, in the ashes of various kinds of tobacco, and other plants, and in some 
meteorites. 

The metal lithium is much less oxidisable than potassium and sodium. It 
makes a lead-grey streak on paper. When freshly cut, it has the colour of silver: 
but it tarnishes quickly, on exposure to the air, becoming slightly yellow. It is 
harder than potassium and sodium, but softer than lead. It floats on rock otl« 
and is the lightest of all known solids, its specific gravity being onlv *59. It 
decomposes water at the ordinary temperature, with evolution of nydrogeo, 
forming lithic hydrate, LiHo, but does not melt^ and it ignites in air only far 
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above its meltinii; point (ISO^'C). The oxide, OLi^ is not deUqnesoent. Tfie 
metal ib prepared bj passing a powerful galvanic current into fused lithic 
chloride. 

BICACTIOKS IK THB BST WAY. 

Lithium salts are more fusible than potassium or sodium salts, and impart 
a Tery distinct carmine red colour to the blowpipe flame, when heated on 
platinum wire. An excess of potassium salt does not materially interfere with 
the prodnotioa of this colour ; but the presence of a small quantity of soda gives 
rise to a yellow flame. By means of the spectroscope the occurrence of verv 
minute traces of lithium may be readily detected by a orilliant erlmson band, 
lia, between the lines B and C, and sometimes a faint yellow line, if the flame 
of a good Bunsen burner be employed. 

BBAOnONS IK THB WBT WAT. 
Wb BMFLOT a 80I.T7TION OV LlTHIC OhLOBIDB, LiCl. 

PtCli produces no precipitate. 

POHoKaos (taydrle dlsodlc ptaospliate) — ^but not the corresponding 
potassium salt — produces on boiling a white precipitate of lltMe ptaaspliate, 
2POLioa + Aq, very little soluble in cold water, soluble in HOI, and reprecipi- 
tated only, on boiling, after neutralisation with AmHo. 

liltlile Carbonate, especially after having been fused, is difficultly soluble 
in cold water, hence all^aline carbonates yield from concentrated solutions of 
lithium salts a crystalline precipitate of litliic carbonate, COLio, (1 part of the 
carbonate requires 100 parts of cold watex* for its solution, but less of boiling 
water). It is insoluble m alcohol. 

Hydrle lltliic. tartrate is soluble. 

lilttale sUlcofluorlde is almost insoluble. 

Separation of Lithium, — From potassium, as well as caesium and rubidium, 
it may be separated hj means of PtCl4. From sodium, by converting the two 
alkalies into the chlorides, evaporating to dijness, and treating the dried chlo- 
rides in a stoppered bottle with a mixture of ether and absolute alcohol. In the 
oouTBO of a few days the liOl will be found dissohed out, NaOl (like Kd) being 
insoluble in absolute alcohol and ether. 

Eemarh, — ^The stndent will now have no difficulty in constrnci- 
ing a table for the separation of these five metals. 

ExTRAOTiov or LiTHiuv VBOM TsiFHTLLiKB. — ^DisBolvc the powdered ore 
in HCl, with a little VOsHo (in order to convert Fe" into Fe^*), neutralize with 
AmHo, when PiOaFejO^', and PtOsMno^s, are precipitated. The solution, on filter- 
ing, may contain some more phosphoric acid, which may be removed by adding 
SBa, and filtering off the precipitated POHoBaos. On removing the excess of SBa, 
with a few drops of SOfHOf, and evaporating the filtrate, and driving off the 
ammonium salts by gentle ignition, litnic chloride is left. The hydrate may be 
prepared from this by evaporation with sulphuric acid (so as to obtain SOgliO]), 
and addition of BaHloj, and filtering. The excess of BaHog is next cautiously 
removed from the filtrate by means of BOjELo^ On evaporation, white cvyttai- 
line, itrongly alkaline, lithic hydrate, liHo, is left. 
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In considering the reactions bj which these rare bodies may be 
recognized, we cannot do better than ayail onrselves of the clarifi- 
cation which natnre itself has traced ont in the groups of rare 
minerals in which thej occnr. As it is extremely difficult to com- 
merciallj obtain any of their salts in a pure state, and as the price 
charged for them puts them oat of the reach of most students, it 
will be preferable to sketch out briefly, also, how the minerals them- 
selves can be made to furnish the several salts, when once the 
mineralogical character and locality of the minerals have marked 
them out as likely to contain any rare metals. 

(A.) Rare metals precipitated hy the group reagents AmCI, 
AmHo, and SAms, in the form of oxides (hydrates). 

Besides the metals aluminium and chromium, already treated of 
in the main portion of the book, there are : — 

1. GLVCINUH (Beryllium) GtV (or Be'O- Atomic weight, 9*4— This metal 

occurs only in a few minerals, and is found, very locallj, as a Silicatb, in 
phenacite, SiGHo« (45 per cent, of GhlO), combined with aluminic silicate; in 
beryly Bifi^Al.p^QcW\ (13'8 per cent of QlO), KcAm tmaragdite^ in euclase, and 
some other rare minerals, such as leucophane. 

The metal is prepared, like the metal aluminium, from the chloride. It is 
white, and has a specific graxitj of 2*1. It resembles aluminium in dissolring 
in HCl, as well as £Ho, with evolution of hydrogen. Its oxide forms a whito 
powder, insoluble in water. It may be prepared by^ fusing finely-powdered 
native silicate with 4 parts of its weight of fusion mixture, decomposing the 
mass with HCl, and evaporating to diynese, to separate the BiOf. From the 
HOI filtrate both the AljOg and QlO are precipitated by means of AmHo. On 
boiling the precipitate, however, for some time with AmOl, NH| is evolved, and 
glucinum is dissolved out as chloride, Ql^'Olj. The insoluble Al^Hog xemains 
behind. Pure gludna can then be precipitated from the filtrate bv means of 
AmHo, as gelatinous hydrate, OlHoj, which on ignition yields the white anhj- 
drous gludna, OlO, of specific gravity 3*08. 

From the oxide we can obtain the salts by dissolving in the respective adds, 
or by double decompositien, from one of its soluble raits. Oludna resemhlas 
alumina, inasmuch as it combines also both with adds and bases. Its salts are 
colourless, and of a sweet, slightly astringent taste ; they show an add reaction. 

BBACTIONB IN THB DBY WAY. 

Q-ludnnm compounds give no characteristic reactions in the dry way. 
NsOfOoo' yields a grey mass. 

BBAOTIOKB IK THB WBT WAY. 
TTSB A flOLUnOK 07 Q-LUOINIO SULPHATB, BOfilo", 

The ffroop reasenta AmHo and SAm^, as well as the fixed caustic alHIias 
and alkaline earthy bases, precipitate vlodBlc hydrate, OlH0| (floccnlent), 
soluble, like A^Hog, in excess of the fixed alkalies, but not in ammonia. O^ 
boihng, OlHoj is almost completely repredpitated from a dilute NaHo or KHo 
solution. (DiBTiKCTiOK rBOM AljO|.) Like AljO^, it is repredpitated also on 
the addition of AmOl. 

OOAmos gives a white predpitate of vlortnle cartoMftte, COOlo", freely 
soluble in excess, repredpitated as basb carbonate on boiling. (Dnmic- 

TION FBOM AljOt.) 

CONaos, or OOKoj, precipitates likewise white carbonate ^luble only in laife 

excess of the precipitants. 
OOBao'' predpitates glucinnm completely, even in the cold. 
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Besides these ebancteristic reactions, we may mention the difficultly soluble 
dooUe sulphate oq^k ^^^'' '*' ^^^ which the readily soluble gluomic sul- 
phate forms, when brought together with potassic sulphate. 

Sbpabatiok of AljOs fsoh OlO. — Dissolye in HCl ; pour slowly, and with 
continued stirring, into a warm conoentnited solution of COAmoj. A precipi- 
tate forms, consisting of AljHoc, the solution containing the glucinum as double 
carbonate. NeutraUze with HCl ; boil and add AmHo. OIH03 is precipitated. 



2. XIKGONIUM, Zri^ Atomic weight, 89*6.— Found as Silicatb, chiefly 
in the rare mineral zircon, SiZro^^. The silicate is not attacked by acids, and 
the finely elutriated substance must be decomposed by fusion at a high tempe- 
rature with fusion mixture. The mass is extracted with water, evaporated to 
diyness with HCl, in order to remove SiOs, and to decompose the insoluble, 
sandy-looking dlwKle slrc»ii«te, ZrONao^, and is then precipitated with 
ammonia. The metal itself has been obtained in white metallic looking scales, 
of specific grarity 4*1, by the decomposition of the double fluoride of potassiuin 
and airoonium, 2£F,ZrF4, by means of metallic aluminium. The hydrate is » 
Toluminous white body, resembling AlsHog. It dries up to yellowish, trans- 

Cnt lumps, ZrHo4, which dissolve readily in acids. On ignition, this hydrate 
i its water, and under^es a molecular change, when the dioxide, or jurconio 
anhydride, ZrOf, is no longer soluble in dilute acids. 

Zirconium salts, obtained by dissolving the hydrate in dilute acids, are 
colourless, and of an aiStringent taste. 

BBACTIONS IN THB DBY WAY. 

Of all the earthy oxides, ZrOj is the only one which remains entirely unaltered 
when submitted to the action of the oxyhydrogen blowpipe, and gives out the most 
iijtense and the most fixed light. Muistened with Nt04Coo'^ and intensely 
heated, the mass becomes of a dirty violet colour. With borax, ZrOs yields a 
colouriess glass which becomes slightly opaque when cold. 

BBACTIONB IN THB WBT WAY. 
UsB A SOLUTION of ZiBCONIO SULFHATB, Ss04Zro*^. 

The vroop reagents, SAm2, or AmHo, produce a white floceiUent precipitate 
of xirconie hydrate, ZrHo4, insoluble in excess; insoluble also in NaHo 

or KHo (DlBTINOTION FBOM Al AND Gl). 

KHo, or NaHo, same precipitate, insoluble in excess, not dissolved by a boil- 
ing solution of AmCl (Distinction pboh Gl). 

OOAmo) produces a white flooculeni precipitate of a toasie carbonate, 
readily soluble in excess, reprecipitated on boiling (Distinction fbom 

COKos and OONaos, same precipitate, redissolves in a large excess of COK02, 
especially of OOHoKo (Distinction bbok Al). 

COBao'' gives no precipitate in the cold, and precipitates glucinum salts im- 
perfectly, even on boiling. 

Oxalic acid gives a bulky precipitate of sirconie oxalate (Distinction 
fbom Al AND Gl), insoluble in excess, difficultly soluble in HCl, soluble in 
excess of ammonic oxalate (Distinction pbom Th). 

HF produces no precipitate (Distinction fbom Th and T). 

SSONaoa precipitates Blrconie tayposuipliite (SSO)3Zk>*^ (Distinction 
FBOM Y, £r, AND Di). The separation takes place on boiling, even in the 
presence of 100 parts of water to one of ZrOj (Distinction fbom Ce 
AND La). 

Zizconio Bulphates, Ss04Zro^^, forms with potassic sulphate an insoluble tfoiibie 
aniptaate of t;t and K, insoluble in excess of SO^Kos (Distinction fbom Al 
AVD Gl). When precipitated cold, it dissolves readily in a large proportion of 

P 
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• 

HC1| but is almost insoluble in water, and HCl, when the SO^Ko^ is added to a 
hot solution (Distinction pbom Th and Ce). 

Turmeric paper, when dipped into a hydrochloric acid solution of a zirco- 
nium salt, acquires a broumish-red colour after drying in the water-bath (Dis- 
TINCTION 7S0H Th). But titanic acid— the only other metal which affects 
turmeric paper under the same circumstances — colours the paper 6rovj», and its 
presence may therefore prevent the zirconium from being recognized. If the TiOj 
be, however, first reduced, by means of zinc and HCl, to the state of sesqiii- 
ohloride —the reduction being marked in the solution by a change of colour to 
pale violet or blue — it no longer colours turmeric paper, and any change in the 
colour of the latter is then due to zirconium alone. The reaction requires great 
care, however, as, on exposure of the paper to air, the Ti'^jOs, passing again to 
the stato of Ti^^Os, would in its turn colour the turmeric paper, and thua render 
the observation doubtful. 

Certain chemical discrepancies in the behaviour of the zirconium oompooiida, 
but more especially the fact that the specific gravity of ziroons from varioua 
localities difiers greatly, have led chemists to suspect that ZrOs really consists of 
a mixture of two or more closely allied oxides, like the metals of the yttrium and 
cerium group. No method has, however, as yet been devised for isolating any 
other oxide. 



8. TII9KIU1II, Th*^. Atomic weight, 234. — Found in a few rare minerals 
Only, viz., in thorite {oranffite), consisting principally of a hydrated silicate 
(SSiTho^^j^OHj), in monacite and pyrochlor. 

Thorite is decomposed by moderately concentrated SOaHcs, and also by con- 
centrated HCl. The oxide or anhydride, ThOji is white when cold, yellow when 
hot. The moist hydrate dissolves readily in acids ; the dried hydrate only with 
difficulty. Thorium salts containing colourless acids are white. 

BBACTIONB IN THX DBY WAT. 

ThO], when heated before the blowpipe, remains infusible ; it imparts no 
tinge to the flame, and gives a colourless borax bead. It yields no characteristic 
reaction with ll'304Coo". 

BBACTIONB IN THB WBT WAT. 

Ubb a solution op.Thobio Sulphatb, SsOfTho*^ 

SAms, or AmHo (ffroup reagents), precipitates the white yelatiuoms 

hydrate, ThOHo^, insoluble in excess. 
KHo, or NaHo, same precipitate, insoluble in excess (Distinction fbom A1 

AND Gl). 
OOAmoj, OOKoj, or CONaoa, precipitates white baele ttaorle eiii%oaatc, 

readily soluble in an excess of the precipitants, difficultly soluble in 

dilute solutions (Distinction fbom A1). From a solution in OOAmoi 

thorio carbonate is reprecipitated, even at &0° C. 
OOBao'' precipitates thorium salts completely in the cold. 
•xalic acid produces a white precipitate (Distinction fbom A1 anp Gl), 

not soluble in excess nor in dilute mineral acids ; soluble in ammonic 

acetate, containing free acetic acid (Distinction fbom T and Ce). 

HF precipitates gelatinous ttaorle tetrafluorlde, TI1F4, which becomes 
pulverulent after some time ; the precipitate is insoluble in water, and in HF 
(Distinction fbom A1, Gl, Zr, Ain) TiOJ. 

SSONaot precipitates ttaorle tayposalptalte, (SSO)3Tho*^ mixed with sul- 
phur, from neutral or acid solutions. The preoipitetion is not complete (Dis- 
tinction FBOM Y, Er, AND Di). 

A boiling concentrated solution of SO]Koipveoipitatee slowlv, bat eompletdj, 
the whole of the thorium sulphate as white crystalline insoluble pof—lai 
ttaortc tiUptaate (SO«)4Ko4Thot* + 20Hs (Distinction fbom A1 ano GIk 
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iolable witii diffioultj in cold, and alflo in hot water, readily on the addition of 
someHCL 



4. TTTRIUM, T^ Atomic weight, 61*7 ; and 5, ERBIUM, Er''. Atomic 
weight, 112'6.— These very rare elements are only found in a few minerala, in 
ytterbyte, or gadolinitey orthiteyyttrotantalite, etc. The metals have never been 
obtained pure. Tttrinm and erbium always occur together in nature, and closely 
resemble the metals of the cerite group. They differ from most other earths in 
being completely soluble in acids, eyen after ignition, and from the cerite oxides, 
by not forming an insoluble double sulpbate with potassic sulphate. In other 
respects the two exhibit almost the same behaviour with reagents, and can only 
be approximately separated from each other. The colour of the yttrium salts is 
white. Erbium salts have a more or lees bright rose tint, crystaJlise readily, and 
possess a sweet astringent taste. Anhydrous 7Cls is not volatile (Distinction 
7B0X Al, 01, AND Zr). 

SBAOTIONB IN THB PSY WAY. 

No peculiar reaction with borax, no colour to the flame, and a ffreylsli blue 
coloured mass with ll'j04Coo'' 



.// 



SBACTIONS IN THB WBT WAY. 

tJsB SOLUTIONS OP THB NiTBATBS, N2O4T0", and Vs04Ero'^ and test them 
aide by side. 

SAms, or AmHo (irroup reavents) precipitates the hydrates, insoluble 
in excess. Large excess of SAmj somewhat prevents the precipitation 
of yttrio hydrate. 

KHo, or NaHo, precipitates tohite hydrates, THo^, or ErHos, insoluble in 
excess (distinction from Al and G1). The precipitation of yttrium 

by alkaline hydiates is not prevented by the presence of THos (dis- 
tinction TBOH Al, Gl, Th^AND Zr), yttrium being slowly but completely 

precipitated as tartrate, TYo'^ 
* OOKos, and OONaoj precipitate white earbonates, difficultly soluble in 
excess, more readily soluole in OOHoKo, and in OOAmoj (but not so 
readily as OOGlo''). On boiling the whole of the yttria is deposited 
(distinotion ov T pbom Al, Gl, Th, Ce, and Di). AmCl decomposes 
OOTo'', with evolution of NH, and COs, and formation of YGlj. Satu- 
rated solutions of COYo", in COAmos, have a tendency to deposit the 

double carbonate, nQAmo^^"* 

OOBao'' produces with erbium salts no precipitate, either in the cold, or on 
heating ; and yttrium salts are but imperfectly precipitated on heating. 
(Distinction of Er and Y fboh Al, Gl, Th, Ce, La, I)i). 

Oxalie Aetd produces a precipitate of tohite yttric oxalate, 

|SqYo",OHs. (Distinction of Y fbom Al and Gl), insoluble in 

excess, difficultly soluble in dilute HCl, and partially dissolved by boiling 
with ammonic oxalate. Erbium salts are likewise precipitated as oxalate, 

< gQ£co",OHs, in the form of a light rose-coloured, heavy sandy powder. 

HF precipitates white amorphous hydrated yttrle fluoride, insoluble 
in water and HF ; soluble, before ignition, in mineral acids ; decom- 
posed only by strong SOsHo^. (Distinction of Y fbom Al, Gl, Zr, 
AND Ti.) 

A cold saturated solution of SOsYo" becomes turbid between 30° — Uf C, and 
on boiling, is precipitated almost entirely. 

BOsEro" forms with SOiKos, potasslo-erhle sulphate, Ss04EosEro". 

P 2 
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difficultly soluble in oold water, when hydrated, but rendily soluble in the 
anhydrous condition, and on warming. 

Potassie yttrlc sulptaate, S304EosTo'^ dLBsolves read fly in water, and in 
a solution of SO^Eoj (distinction of Y and Er vbom Th, Zr, and thb ICbtals 

OF THR CeBITB GBOUP). 

When erbium nitrate is heated on a platinum wire in a gas flame, it imparts 
an intense greenish colour to the flame, which when seen through the spectro- 
scope shows bright lines in the yellow and green, also in the orange and in the 
blue in an otherwise continuous spectrum. These bright lines coincide with 
certain black, so-called absorption bands, which erbium gires when white light 
is passed through a concentrated solution of its salts. These absoxption-banda 
are characteristic for erbium, os yttrium solutions show none, under like oiroiiin- 
stances. 

Sepabation of T fbom Er. — ^The difierent solubility of the nitrates of 
erbium and yttrium in water has been made available for the separation of these 
two closely allied metals. On heating a mixture of their nitrates to incipient 
decomposition, and dissoMng the residue in boiling water, the solution deposits 
on cooling rose-red crystals of basic erbic nitrate, Ns03(ErOa)''£ro^, whilst the 
mother-liquor contains chiefly yttrio nitrate. By repeating this same process of 
separation several times over, the earths maybe obtained pure by finally igniting 
the nitrates. 



6. CBRIUW, Ce'' and i^ Atomic weight, 92. 7. LANTHATirM, La''. 
Atomic weight, 92-8. 8. DIDTM IVM, Di^ Atomic weight, 96. These three 
rare metals constitute, like yttrium and erbium, a group which may conveniently 
be studied together. The most abundant of the few cerium mineralB is certfo, a 
hydrated silicate of the three metals Ce, La, and Di, as well as of iron and 
calcium, Si[Oeo''Lao'a)io''Feo''Cao'09- The finely-powdered mineral is readUy 
and completely decomposed by boiling with concentrated HGl, or aqua r^p* > or 
by fusion with fusion mixture ; or lastly, by boiling with concentvated SOsHot. 

CERIUM. — ^This metal exists both in the dyad, pseudo*triad, and tetrad oon* 
dition. Thus it forms the several oxides : — 

Oe'^O 'Oe'^'sOs Oei^Ot and Oe,04 -. CeO,Ce,08. 

Cerous oxide. Geric oxide Ceric Ceroso-ceric oxide, or 

(sesquioxide). dioxide. tricerio tetroxide. 

Cerous and ceric oxide are both capable of combining with acids to form two 
series of salts, of which the cerous are the more stable and most important. They 
are colourless, or slightly amethyst-red, and acid to litmus. Cerous chloride la 
noi volatile (Distinction fboh A1, GH, and Zr). Cerous sulphate is sot entirely 
soluble in boiling water. 

BBACTI0N8 IN THB DBY WAT. 

All cerium compounds give with borax, or microoosmio salt, in the outer 
flame, a clear bead which is dark red while hot (Distinct :0N fbom thb peb- 
OBDiNO BABTHs), fainter or nearly eohurlesM on cooling. In the inner flame, a 
eolourlets bead, or if ceric oxide is present, a yellow opaque bead is obtaioed. 
Lanthanum compounds give colourless beads, and didymimn compounds give 
with borax colourless, or, if in large quantitv, p|ale rote^colomred beads, in both 
flames, and with microcosmio salt, in the reducing flame, an ametkysi^r^ bead, 
inclining to violet, 

BBACTI0N8 IN THB WBT WAT. 

A. CFROUfl COMPOUNDS. — We employ A fiOLmoN of Cbbovs Crlo- 
Bn>B, Oe^Ia. 
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' BAmi (in*«ii|i reavcint) throws down the white ceroiis hydrate, OeHof. 
insoluble in excess. 

AmHo precipitates a basic salt, insoluble in excess ; the presence of THoj 
prevents the precipitation bj AmHo (Dibtinction fboh Y), but not by 

KH.O, or NaHo, precipitates white cerous hydrate, insoluble in excess, which 
turns jeUow on exposure to the air, or when acted upon bj oxidisins 
agents, such as chlorine water, sodio hypochlorite, Ac, being conyerted 
into the yellow hydiated eeroso-cerlc oxide, Cea04,30H2 (Distinctiok 
fbomAI and G1). 

OOK09, CO^aO], or OOAmos, producer a white precipitate of cerous car* 
honate, OOCeo", sparingly soluble in excess of the fixed carbonates, 
somewhat more soluble in OOAmOi ; insoluble in water and 00^ ; decom- 
posed by dilute adds. 

OOBao" precipitates cerium salts slowly, but completely on standing. 

Oxalle A^d, or Ammonle oxalate, precipitates cerium compounds com- 
pletelvi even from moderately aoid solutions, as a curdy white precipitate (turn- 
ing slowly ciystalline) of cerous oxalate, < no^^' ' insoluble in excess of the 

predpltants (distinotion jrom Zr), but soluble in a large excess of HOL On 
igniuon cerous oxalate leaves yellowish-white ceroso-ceric oxide, 00304 (Du- 
TtscTiov PBOH Al AND Gl, which form soluble oxalates). 

A saturated solution of potassic sulphate produces a white crystalline preci- 
pitate of potasslo-cerotts-sulphate, SjOfkojCeo'', even from somewhat add 
solutions (DiBTiKCTiON pboh Al and Ol) ; difficultly soluble in cold water, 
readily soluble on heating ; quite insoluble in a saturated solution of SOjKoi 
(Distinction tbox T and £r) ; soluble in much dilute HCl. With dUute 
solutions the precipitate takes some time to form. 

This cbaraoteriiitic predpitate, as well as the easily distinguishable oxalate, 
and the yellow predpitate of ceroso-ceric oxide — ^free from La and Di, predpitable 
in the filtrate as oxalates — which oxidising agents produce, serve to distiuguish 
cerium from all other metals. 

Sbpabation of Ce fboh La, and Di. — ^^A convenient method of oxidizing 
and separating cerous salts consists, according to Qibbs, in treating with PbO^ 
and dilute VOillo (analogous to the oxidation of manganous to a higher oxide), 
when the solution turns yellow, even if only small quantities of cerium be present. 
By evaporating the yellowish solution to dr^ess and heating sufficiently to drive 
off part of the VOjHo, so as to form a basic eerie nitrate, insoluble in water or 
dilute VOsHo, lanthanum and didymium can be dissolved out as nitrates. After 
vomoving the plumbic nitrate from the solution by SHj, the La and Di are pre- 
dpitatea as oxalates. The residuary basic oeric nitrate is dissolved in fuming 
VO3U0, any lc»d removed by SHj, and the cerium precipitated as oxalate. 

B. CERIG C«MPOUND8.—Salts of 'Oe'^'sO,, such as the sulphate, 
oxalate^ etc., are yellow, and are either difficultly soluble, or insoluble, in water 
Dyad cerium appears, in fact, to give rise to more stable compounds : thus 
O^fip when heated with HCl does not form Oe^Cle, but yields 20eCl2 + Clj. 

Oxidizing agents, such as CI passed into a solution of KHo, containing 
OeHos in suspension, sodic hypochlorite, PbO^ and VO^Ho, HgO and potassic 
permanganate, convert cerous into eerie compounds, and furnish methods for 
the separation of Ce from La and Di. Reducing agents produce the reverse 
chemical action. Cerium resembles in this respect iron rather than aluminium. 

I^ANTHANUH. — ^This metal forms only proto-salts, which are colourless, 
when free from didymium salts, and possess a sweet astringent taste. Lantbanio 
oxide is white and is not altered, even by strong ignition (dibtinotion vbou 
Ce), being still readily soluble in adds. Both the oxide and the hydrate turn 
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red litmus paper blae. It decomposes ammonium sahs, in s<dution, on boiling 
with evolution of NHg. Lanthanum resembles in this respect magnesinm. A 
solution, saturated in the cold, of lanthanic sulphate deposits a portion of the 
salt already at 30° G. (distinction tbom Ce"). In its reactions lanthanum 
closely resembles cerium. 

BBAOTIONS IN THB WBT WAT. 

Use a solution of Lanthanic Ghlobidb, La'Cls. 

SAms, or AmHo, precipitates basic salts which pass nulkj through the filter, 

on washing. 
KHo, or NaHo, precipitates lanthanic hydrate, LaHos, insoluble in excess, 

unalterable in the air, or in the presence of oxidising agents (distinction 

FBOH Ce). 
OOAmo*^ gives a precipitate which is insoluble in an excess of the precipitant 

(distinction fbom Ce). 
OOE02, or OONaos, OOBao'', oxalle add, or -patasale mdph«tc» gire 

the same precipitates as with cerium salts. 

When the slimy precipitate which a cold dilnte solution of lanthanic acetate 
yields, on supersaturation with AmHo, is washed repeatedly with cold water, 
and a few small crystals of iodine added to it, a blue coloration is produced 
which gradually pervades the entire mixture {charaeUriiticfor La conypountU 
only). 



BIDTHICJH. — ^This metal forms likewise only proto-salts, coloured a pore 
pink, like the sulphate, or rose-red ; sometimes a faint violet, like the nitvate. 
The oxide is pure white and remains soluble in acids when strongly ignited. (The 
existence of a peroxide Di'^Oj is doubtfid) . In contact with water it is slowly con- 
verted into the hydrate, without acquiring an alkaline reaction. It rapidly 
attracts OO9, and is readily dissolved by the weakest acids. It expels ammonia 
from ammonium salts when boiled with them. The chloride, DiC(, is not vola- 
tile. The nitrate, on heating, is converted into a basic salt, NsO(DiOs)"Bl>io^ 
+ 5Aq (Distinction bbom La), which is grey when hot and also when oold 
(Distinction fbom Er). A saturated solution of didymic sulphate begins to 
deposit red crystals of the salt at 63° C. until at 100° G., one part of the salt 
only is held in solution by 50 parts of water (Mbthod of bbfabation of La 
FBOM Di). Didymium salts resemble in their chemical deportment lantbaniim 
and cerium salts. 

BBAOTIONS IN THB WBT WAT. 

We may employ A solution of thb Ghlobidb, Dl^'Gls, or Sulphates 
SOjDio". 

SAms, or AmHo (irranp reasenta), precipitates haale salt, insoluble in 
AmHo, but slightly soluble in AmGl, with displacement of NH|. 

KHo, or NaHo, precipitates gelatvuhu dMymlc hydrate, DiHos, reeembliog 
AI3H06, but of a pale-rose colour. It is insoluble in excess, and does not 
alter in the air. 

OOKof, OONaos, or OOAmos, produces a copious precipitate of didyaale car* 
hanatc, OODio'', insoluble in excess of the predpitants (DisTiNoncm 
FBOM Ge), but slightlv soluble in a concentrated solution of AmGl. 

OOfiao'' precipitates didymium compounds slowly (more slowly than Ce or 
La), and never completely. 

Ozalle aeld precipitates didymium salts, f< ^QDio"-f 4AqY almost com- 
pletely, aamiaiilc axalate completely. The precipitate is diffiodtly soluble 
in cold HGl, but dissolves on heating. 

A concentrated solution of SOsEoj, or better still, SOsNaoa, predpttates didy- 
mium solutions more slowly and less completely than oerons sdlations, as a 
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vkiie potesslo-dltfymlc sulphate, SsO^Eo^io'' + Aq, slighUj solable in water, 
less solable in an exceae of the reagent, difficultly soluble in hot HCl. 

When a raj of white light is sent through a didjinium solution, and examined 
' bj the spectroscope, dark bands are seen in the continuous spectrum. Dilute 
solutions show these absorption bands in the yellow and green, concentrated solu- 
tions exhibit, in addition, several other well-defined narrower bands in various 
other parts of the spectrum. 

Semark. — ^In order to master still more completely the reactions for the 
8 earthy metals already treated of, the student should tabulate them according 
to the scheme given on page 49, when the slight differences which exist between 
many of their reactions, and which often furnish the only means for their separa- 
tion, are brought out still more prominently. « 

9. TITAnriUM, Ti'' and i^ Atomic weight 50.— This, as well as the two next 
following metals (usually treated of in Ghroup III, because they are precipitated 
by the group reagents, AmCl, AmHo, and SAmj), differ entirely from the pre- 
viously treated metals. Their anhydrides, Ti^^O], Ta^jOt, '^^^ Nb^sO^, are 
eosenUally acids, analogous to 8IO3, SnOj, SbjOf, etc., and are found in nature 
either in the uncombined stato (TiOa), or combined with various metallic bases, 
as TiTANATBS, Tantalatbs, and Niobatbs. 

Titanium is found as Anhydbedb (almost pure) in the minerals Sutile, 
Anatoie, and Brookite ; combined with bases, chiefly Ume, in Tiianitef TiOCao'', 
in titaniferous iron, n(PeaOa), m(TiORo'')» ^^^ ^ found in small quantities in 
many iron ores, in fire-clays, and generally in Silicates. (Hence its occurrence in 
blast-furnace slags, as Nitride, TiCysiSTisNs, in bright copper-coloured crystals). 

Titanium forms several oxides, of which two are known with certainty, and 
one whose existence is probable, viz. : — 



T1»0 


'Ti'^aOj 


Tl'^O,. 


Titanous oxide 


Titanic oxide 


Titanic anhydride. 


(probable). 


(sesquioxide). 





The last oxide, acting as a weak base, and forming mostly very unstable salts, 
and likewise as an acid, is the only one which is of sufficient importance to be 
studied analytically. 

In order to prepare some pure titanic anhydride, finely-powdered rutile is 
fused with 3 parts of OOK03, the fused mass powdered and treated with cold 
water, which removes 810] and alkaline silicates, and leaves insoluble potassle 
tlUuiate, TlOKo], together with ferric oxide. This is washed by decantation 
or on a filter, with cold water, and dissolved in cold dilute HCl. On diluting 
considerably with water and heating to boiling,/or some time, the whole of the 
titanium is precipitated as meUutltanle hydrate, Ti^^OHos (^e being held 
in solution by the acid), which differs from (ortho) titanic acid in being quite 
insoluble in all acids, except strong sulphuric acid, whilst titanic hydra^ (ob- 
tained by precipitation with alkalies), of exactly the same composition, is readily 
soluble even in dilute SOsHoj, or HCl. The precipitated meta-titanic acid la 
usually tinged yellow, owing to some ferric oxide which is carried down with it. 
It is best, therefore, to filter off, to wash with a solution of AmCi, and redissolve 
the precipitate in strong SOsHo]. After dilution with water, it is reprecipi- 
tated once more by long-continued boiling, and is then all but free from iron. 
(Mbthod of befabation fbom A1, G1, Y, akd Th.) 

Another method consists in fusing the titanium compound with 6 times its 
weight of SO3H0K0, till it yields a clear mass, soluble in a large quantity of 
cold water, acidulated with dilute SOaHo], from which meta-titanic acid is pre- 
cipitated as above. SiOs, if present, is not attacked by SOjHoKo, and remains 
in the insoluble residue. 

Pure TIG] may also be obtained by fusion with acid potassio fluoride, and 
dissolving the fused mass in dilute HCl. Potaaalc tltanle llaoH«e, 2KF,T1F4, 
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which is difficultly solable in water (I part requires 96 parts at 14^ C), is col- 
lected on a filter and washed with cold water, and purified by recrystallisation 
from boiling water. Its aqueous solution, when precipitated with AmHo, yields 
titanic hydrate, which on ignition is converted with incandescence into para 
titanic anhydride — white, when only feebly ignited, yeUotoUh or hrawnUh^ 
when intensely ignited. 

SlOs, or silicates, containing traces of TiOj, may be decomposed with HF. 
SO3H03 must likewise be added in order to prerent a portion of the 
titanium from being volatilized with the SiF4. 

BBACTIONS nr THB DBT WAT. 

Titanium compounds, when heated on charcoal, before the blowpipe, are not 
reduced to the metallic state (distinction from In). Heated in a borax bead 
(on charcoal), or better still, in a bead of microoosmic salt, pure TiO^ or a 
titanate, containing bases which do not themselves colour the borax bead, ridds, 
in the outer flame, a colourless glass, but in the inner flame, a glass which is 
yellow while hot, but assumes a Tlalet colour on cooling. The reduction is 
promoted by the addition of a little zinc or tin. If some SOjFeo'' be added, 
the bead obtained in the inner flame, becomes 



BB ACTIONS IN THB WBT WAY. 

Use a solution of Titanic Aon>, in HCl. 

SAms, AmHo, KHo, or Nafio, alkaline carbonates, as well as OOBao^', pro- 
duce a bulky white precipitate of (ortho) titanic hydrate, Ti'^OHos, 

which is insoluble in an excess of the precipitants. When thrown down 
in the cold, and washed with cold water, it is readily soluble in dilute 
EGl, or in dilute SOsHoj. Washing with hot water oonTerts it into 

insoluble meta-tltanlc hydrate. The presence of THoj prevents the 
precipitation. (Iron, as well as Mn, Ni, Co, Zn, and U, which are pre- 
cipitated by SAma. in the presence of THoj and AmHo, may thus be 
separated from TiOa) 

K4FeOy« product^s a dark-brown precipitate. 

Inftaslan of sails, a brownish precipitate, wliich speedily turns ortutge- 
red. 

POHoNaOj throws down the titanic acid almost completely from va acid 
solution as a white gelatinous phosphate, which when washed and dried 
leaves a basic salt, 2T10,,P,04, or 'Pfil^iO^^'^'io^^. 

Metallio tin, or zinc, immersed in a HCl solution of TiOj, eyolves hydrogen 
and reduces the Ti^^Oj to 'Ti^'fi^, which gives rise to a pale violet or blue oolora* 
tion and finally throws down a dark violet prwdpitnteyirhich is rapidly reoxidized 
to white TIO}, with decomposition of the water, or when exposed to the air. 
This reaction frequently indicates the presence of TiOs, in the analysis of iron 
ores, during the process of reduction with zinc, previous to the estimation of 
iron by potassic permanganate. 



10. TAHTTALVn, Ta^ Atomic weight, 182. 11. 1II*Bf1JM« Kb*. 

Atomic weight, 94. — This group of metals occurs only in a few minerals, loond, 
as yet, in a few localities, and, then only, in small quantities. The diiBonltT of 
detecting mere traces of them may account for their having been overiookea in 
others, in which they have since been found, viz., in tinstone and wolflnam. 

In some of the minerals, either tantalum or niobium prevails, snoh as in 
tantalite, and in niobite (eolumbite). They are mbta- compounds and may be 
expressed by the general formula: — m(TaOs)sFeo'' •«- n(HbOs)sFeo''. In 
yttrotantalite — the ORTHO-compound— of the formula : — ^Tat0t(N1>|0s)Bo'V B" 
stands for Y'XEr^, Ce", U", Fe", Ca'^ and in euxonite, woeMerite, and jwrre- 
chlor, the metal niobium occurs as a PTito*niobate, combined with fliioridea» ris., 

J£m)j,05Ko'y, 5(NaK)F. 
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T^telam and niobium exist cbieflj in the pentad condition, as is erideiiced 
bj the oompoBition of their oxides (anhydrides)! chlorides, fluorides, etc., etc., 
Tix. : — 

Tantalic anhydride, Ta'jO,. Chloride, Ta^Cl,. I'luoride, Ta^F^ 
Niobic „ Nb^jO,. „ Nb'Cl,. „ Nb^Fj. 

A lower oxide, 'tPa*^s04, and sulphide, 'Ta**|S4, are said to exist. In tantalates, 
I and niobates, the acids closely resemble arsenic, or phosphoric acid ; they can 

exist as mcta- Ta'^^n>^)OjHo, pyro- Ta^3(Nb»j)0,Ho4, orortho-Ta'(Nb^)OHo, 
tantalic (niobic) acid. 

TANTALIC and NIOBTG AUTHTDRIDBS are prepared from tanta- 
lites, or niobites, b^ fusing the finely powdered mineral with 3 parts of SOsHoKo. 
The fused mass is extracted with water, whereby the bases are principally 
ranoTed as sulphates. The residuary TajOt, and Nb20f, are washed and fused 
once more with hydric potassic sulphate, etc. The residue after having been 
well washed is dissoWed in HF, and a boiling solution of HF,KF eradually 
added to it. The liquid, on cooling, or on concentration, yields difficultly soluble 
potaaale flno-tantalate, 2£F,TaF( (soluble in about l&O — 200 parts of water 
only), whilst the mother-liquors contain potesslc llns-oxjrnliibate, 2Kf, 
ITbOFs, OH) which is soluble in 12*4 to 18 parts of water (Distinction also from 
Hianium which forms KF, TiF4, soluble in 96 parts of water). These two salts 
may be purified bj reorystallisation ; and on decomposing them, by heating with 
SOjHoi, tantalic and niobic sulphates, and potassic sulphate, are IdPt ; this latter 
can be boiled out with water. When SOsHoj is expelled from the insoluble 
tantalic, or niobic sulphate, by strong ignition, or by heating in an atmosphere of 
ammonic carbonate, TaaOf, or HbtOt, is left. 

TANTALUH. — The anhydride is a white powder. When strongly ignited 
it turns pale yellow, without emitting any tight, and becomes insoluble in UCl, 
or strong SOjHoi. (Distinction from TiO,.) 

Fused with £Ho, it is rendered soluble in water ; fused with NaHo, it 
forms chiefly aoille meta-tantalate, TaO^Nao, insoluble in excess of NaHo, 
but soluble in water. When a solution of soda is added to this solution, sodic 
tantalate is precipitated. Hydrated tantalic acid dissolves in HF, from a con- 
centrated solution of which KF precipitates the fine, needle shaped, potaaale 
fluo*Uintalate. By prolonged bioihng with water, this soluble nit chanaes to 
an insoluble compound, TasOf ,2KF,TaF(, the formation of which afior& the 
means of detecting the smallest quantity of fluo-tantalate in mother-liquors, con- 
taining potassic fluo-oxyniobate. 

BBACTIONS IN THB SBT WAY. 

Microoosmio salt dissolves Ta^Ot to a colourless bead in both fiames, and 
does not acquire a blood-red tint by the addition of ferrous sulphate (Distinc- 
tion rsoM TiOj). 

BBACTIONS IN THE WXT WAT. 

UsB A SOLUTION ov TaOjKo in water. 

The tantalates of the alkali metals are soluble in water, all others (formed by 
double decomposition) are insoluble in water and decomposed by adds. 

HCl precipitates TasO^, at first, then redissolves it in excess. 

OO) passed through a solution of an alkaline tantalate, precipitates acid, or 

anhytfr^-taiitalate. 
AmHo, or SAm}, precipitates_from a HCl solution tantalic hydrate, or an 

add ammonic tantalate ; TH03 prevents the precipitation. 
AmOl, or SOjAmoi, precipitates tantalle hydrate, TaOjHo. 
KfFeCyi gives from acidified solutions, a yellowish'white precipitate, which 
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turns iroioM b^ the addition of a few drops of AmHo, and is aolaUe in 
larger quantities. 
KeFeaCyij, a yellow precipitate. 

Infaslon of sails, added to an acidified (SOaHoa or HGl) solution of an 
alkaline tantalate, forms a light-yellow precipitate, soluble in alkalies. 

Metallic zinc and HGl does not reduce TasOs, and no blue colouration (or 
only arery faint one) is obserred (distinction fsok NbjOf). 



NIOBIUX. — Niobic anhydride, Nb^O^, is white, but turns transientlj 
yellow, when ignited. By strong ignition in hydrogen, it is conrerted into 
'Nb'^204. Like tantalic anhydride, it combines both with bases and acids. Con« 
centrated sulphuric acid dissolyes niobic anhydride, unless it has been too 
strongly ignited, and the solution remains clear, on the addition of much water 
(dISTINOTION 7B0H TasO^). 

On fusing with caustic potash, a clear mass consisting chiefly of potaano 
metaniobate, NbOjKo, is obtained, which is readily soluble in water, but is pre- 
cipitated as sodic salt, on the addition of NaHo. Sodic meta-niobate, obtained 
by fusion with caustic soda, behaves like the corresponding meta-tantalate. 

BEACTIONS IN THE DBY WAY. 

Miorocosmic salt dissolres Nb^Of readily ; in the outer flame, a bead, oolour- 
lesB whilst hot, is obtained; in the inner flame the bead acquires a Tlolet* 
blue, or brown colour, according to the quanti^ of the acid present, and a re# 
colour, when a little ferrous sulphate is dissolved in it. 

beactions in the wet wat. 

Use an aqueous solution of Fotabsic Niobate. 

The niobates of the alkalies are soluble in water, all others are insoluble, and 
are decomposed by acids. 

Mineral aelds, especially tnlphnrle acid, even at the ordinary tempera- 

ture, precipitate niobic hydrate, neariy insoluble in the aoid. {The 

precipitation oftantaUc hydrate requires the aid qfkeat,) 
•xallc add does not affect alkaline niobates. 
SAmj, or AmHo, precipitates from acidified solutions of HbtOf the b jilraiCj 

containing ammonia, soluble in hydrofinorio acid. 
AmCl precipitates the acid, but only slowly and incompletely, more especially 

if in the presence of alkaline carbonates. 
K4FeGys gives, with a solution of an alkaline niobate which has been aoidu* 

lated with sulphuric or hydrochloric acid, a red precipitate. 
KsFesCyis, a bright yellow precipitate. 
Infusion of Galls, an orange-red predpitete. 

A piece of zinc immersed in an acidulated solution, forms a beaiU{fkl blme 
precipitate, which after a time changes to brown, {Tantalatee yield none or only 
a faint bine colour), 

(B.) Rare Metals^ precipitated hy the Oroup reagents, AmGl, AmHo 

and BAtn^, in thsform of Sidphtdes. 

1. URANIim, XT'' and pseudo-triad. Atomic weight, 120. — ^Uranium is not 
a veiy abundant metal ; it is found principally in pitch-blende, which contains 
from 40 to 90 per cent, of uranoso-uranic oxide, 11(04 ; in uranium'Oehre, or 
SULPHATE ; and m uranite or uranium mica, which is a calcic (oupric) uianie 
PHOSPHATE. In small quantities it exists in several rare materials, such as 
euxenite, yttrotantelite, &o. 

Uranium is almost always obtained from pitch'blende. The TJfi^, therein, 
is associated with sulphur, arsenic, lead, iron, and several other metab. The 
mineral is finely powdered, freed by elutriation from the lighter earthy hnpnri- 



XTranoos 
oxide. 


Uranic oxide or 
uranjlic oxide. 


XT"0 


'XT'",05, or 
(XT,0,)"0 




Uranous chloride. 




xrci. 




Uranons sulphate. 
SOjOjTJ, or SOjUo" 
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ties, roasted for & short time to remore part of the sulphur and arseniCi then 
dissolved in nitric acid, and the solution evaporated to diyness. The residue is 
exhausted with water, and the solution filtered from a hrick-red residue of ferric 
oodde, ferric arseniate and plumhic sulphate. On evaporation, the aqueous solu- 
tion yields crystals of the mtrate, which by dissolving in ether and setting aside for 
spontaneous evaporation, are obtained pure. When recrystallised once more from 
boiling water, they consist of pure nranylle nitrate, Ks04(^sOs)o'^60Hs ; 
in which {TS'^iOi)" or nranyl acts as a compound dyad radical, analogous to the 
monad compound radicals antimonyl, (Sb'''0)^ bismuthyl (Bi^'O)', &c. 

Uranium exists as a dyad and pseudo-triad metal. It forms with oxygen 
two salifiable oxides, together with two intermediate oxides, thus : — 

Intermediate oxides. 

/ * ^ 

1^804, or Xr40j, or 

'TS'"^0^,U''0 (dark green.) 'V'fi^2JJ"0 (bhiok.) 

Uranylic chloride. Fentachloride. 

(tJ20j)"Cl, tJjCl, 

Uranylic sulphate. 
SOaOaCUjOa)", or S03(UjOs)o" 

Uranic oxide and its hydrate combine both with acids to form uranylic salts, 
and with the oxides of the more electro-positive metals to form acid uranates, of 

f (UaOa)"Ro 
the general formula < O -t-xOHj, analogous to diohromate8,disulpbates, 

etc. These are yellow, insoluble in water, but are decomposed by acids. Disodic 
diuranate (uranium yellow) is much used as a pigment in glass and porcelain 
manufactures. 

BBACTIONS IN THB SBT WAY. 

Borax and miorooosmic salt give with uranium compounds, in the inner 
flune of the blowpipe, w^ttn beads, in the outer flame yellow beads, which 
acquire a yellowish iri*ceB tint on cooling. The oxides of uranium are not 
rsduoed by fusion with OONaO] on charcoal. 

BBACTIONS IS THB WXT WAT. 

(A.) URAHOUS COHPOUHDS.-- Ubb A BOLUTION OT Ubanous Sul- 
PHATB, SOfUo''. (Prepared by dissolving uranoso-uranic oxide in hot oil of 
Titriol, diluting with water and evaporating t» vacuo,) 

Uranous salts constitute powerful reducing agents. They are green, or 
greenish white, and yield green aqueous solutions. 

SAms forms a black precipitate of oranoos sulplilile, U"S. 
AmHo,KHo, or NaHo, throws down red-brown gelaUnous nranous hydratei 

U'Hoj. 
OOKos, COKaos, or OOAmO], precipitates green uranous hydrate, soluble 

in excess, especildly in excess of OOAmo,. 

Uranous salts become oxidized to uranic salts by exposure to air, or by treat- 
ment with nitric acid, etc. G-old and silver salts are speedily reduced by them, 
and ferric salts are reduced to ferrous salts. 

B. ITRANIG GOMPOUHDS. UsE A BOLUTIOK OF Ubanio Kitbate, 

Uranic salts areyellow, thev are mostly soluble in water, and are reduced to 
uranous salts by SHj and by alcohol, or ether, in sunlight. 

SAmg produces in the cold a chocolate brown precipitate of uranylle snl» 
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phMe, containing also ammonio sulphide and water. It is insoluble in 
yellow ammonic sulphide. On warming or boiling the liquid which con- 
tains the uranylic sulphide, (JJfis^Sf suspended in it, the precipitate 
splits up into sulphur and black uranous oxide, tT^O, which is insoluble 
in excess of SAm^. Uranylic sulphide dissoWes readily in neutnd ammo* 
nic carbonate. [Mbthod of bbparation of U from Zn, Mn, akd Bb.2 

AmHo, KHo, or NaHo, produces a yellow precipitate, consisting of adil 
uranate of the alkali metal ; insoluble in excess of the precipitant ; not 
precipitated in the presence of tartaric add. 

OOKoj, OONaoj, or OOAmo^, giree a liffht yellow precipitate, oonsiflting (in 
the case of potassic carbonate), of petas»le-iiranle cariienate; readily 
soluble in an excess of the precipitant. By treating the liquid with 
dilute sulphuric acid, as long as effervescence takes place, an acid uranate 
is precipitated. [Method of sbpasation of U fbom A1 and Fe'^] 

OOBao* completely precipitates a solution of a uranic salt, even in the oolcL 
ISeparation of 'U'" from m\ Co", Mn'\ JPV', and Zn,) 

K4FeCys produces a reeUiish^brown precipitate. {Most delieaU spocial 
reaction.) 

KeFcjiCyis produces no change. 

Metallic sine does not precipitate metallic uranium from its solutions. 

2. THALLIUM, Tl' and '". Atomic weight, 204.>-This metal was dis- 
covered by Grookes in 1861. It occurs in many kinds of copper and iron 
pyrites, but invariably in very minute quantities ; also in many kinds of orode 
pulphur, in some of the deposits from the flues leading from the pyrites funiaoea 
to the lead chambers of sulphuric acid works, and in the deposits in tlie 
chambers themselves. It has, moreover, been found in lepidolit«, in prepara- 
tions of cadmium and bismuth, in ores of sine, mercury, and antimony, in the 
ashes of some plants, and in some saline waters. 

The metal is most economically extracted from thalliferous flue-dust. The 
dust is stirred up with boiling water, the insoluble portion allowed to settle, and 
the clear supernatant liquid syphoned off. On the addition of concentrated 
hydrochloric acid, impure thallious chloride, TlCl, is precipitated. This impure 
chloride is dissolved in concentrated sulphuric acid, evai»orated till the hydro- 
chloric acid, as well as the greater portion of the sulphuric acid, has been driven 
off, then dissolved in boiling water, and a rapid current of sulphuretted hydrogen 
passed through the solution, whereby all the metals of the SHs group are pre- 
cipitated. On now introducing plates of zinc into the dilute acid filtrate, 
spongy metallic thallium is precipitated, which can be readilv removed from the 
zinc, and obtained in lumps or bars by pressure. It must be preserved under 
water. 

The salts may be prepared by dissolving the metal in the respective adds, or 
by the double decomposition of soluble thaUium salts. 

Thallium forms two series of compounds : — ^thallious and thallio. In the 
thallious the metal exists as a monad, and in the thallic as a triad. Thus we 
have: — 

Thallious oxide .... OTlj Thallic oxide .... Tlf'^^Os 

ThaUious chloride . . TlGl Thallic chloride . . T1'''C1„ etc., 

together with several intermediate compounds. 

In some of its chemical relations thiJlium differs from all other metals. In 
manv respects it resembles the alkali metals, as, for instance, in fonnins the 
readily soluble and highly alkaline thallious oxide and carbonate, an insoluble 
double platinum salt, an alum, analogous to ordinary potash alum, and a 
series of thallious phosphates, analogous to the alkaline phosphates. In moet 
other respects, however, it is more neariy allied to the heavv metals, eapeoiaUy 
to lead, which it resembles closely in appearance, density, melting-pointy specif 
heat, and electric conductivity. ^ 

RBACTI05 IN TRB SBT WAY. 

ThalUiun compounds impart an intense iri*cen colour to the blowpipe 
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The ipectrum of thallium shows only one emerald ffreen line, Tla, and hence 
ita name from OaXXo^, green. 

REACT10V9 IN TUB WET WAY. 

A. THALLIII1J8 COMPOUNDS. — We employ ▲ SOLUTIOK ofthallious 

SVLFHATB, SOsTlOj. 

Thallious salts are for the most part oolourless and soluble in water, such as the 
nitrate, sulphate, phosphate, tartrate, and acetate. Some are difficultly soluble, 
e:£f., the carbonate and chloride, and a few are almost insoluble, e,ff., the iodide. 
They react neutral to test-puper, and possess a slight metallic taste. Thallious 
oxide, OTl], is colourless and fusible ; it dissolves in water, the solution is colour- 
less, alkaline, caustic, and absorbs carbonic anhydride from the air. It also dis- 
solyes in alcohol. 

Thallious salts are difficultly converted into thallic salts ; powerful oxidising 
agents, such as nitric acid, are without effect on them. They require boiling and 
evaporating with aqua regia to convert them into the higher salts. 

SH) does not precipitate strongly acidified thallious solutions unless AsjOs 
be present, when a part of the thallium is carried down with the arse- 
nious sulphide, as a brownish red precipitate. Neutral or very slightly 
acidified solutions aro incompletely precipitated by 8H3. From acetic 
acid solutions the whole of the thallium is thrown down as black tlial« 
lions sniptalde, STi,. 

SAmg (lirroap reaireiit) precipitates the whole of the thallium as thalUons 
aolptalile, insoluble in ammonia, alkaline sulphides, or pota&sio cyanide. 
Readily soluble in dilute hydrochloric, sulphuric, or nitric acids, but diffi* 
cultly soluble in acetic acid. When exposed to air, tl^allious sulphide is 
rapidly converted to thallious sulphate. On healing it fuses and volati- 
lizes. 

KHo, NaHo, or AmHo, does not precipitate aqueous solutions of thallious 
salts. 

Carbonated alkalies produce a precipitate only from concentrated solutions, 
OOilos beiuA soluble in 20 parts of water. 

HCl, or a soluble chloride (bromide), throws down white thalllooa ehlo- 
ride, TlCl ; the precipitate subsides readily, and is unalterable in the air. 
It is very slightly soluole in boiling water, and still less so in hydrochloric 
acid. 

KI precipitates, even from- the most dilu'.e thallious solutions, li^ht yellow 
tiuUlloaa lodlile» Til, which is almost entirely insoluble in water, but 
somewhat mora soluble in a solution of potassio iodide. This eonttitutee 
the most delicate reaction for ihalUoue salts, 

CrOaEos precipitates ^tf^Zoio ttaaUloua ctaromate, OrOsTlo^, insoluble in 
cold nitric or sulphuric acid. 

PtCI^ prec-ipitati s difficultly soluble, /»a20 orange coloured thallloua platlale 
elilorlile, 2TlCl,PtCl4. 

Zinc precipitates metallic thallium. 

B. TBALLIG GOXPOUNDflf.^We employ a solution of Thallic 

CHLOBrDB, Tl'"Cl8- 

Thallic salts aro easily distinguished from thallious salts by their behaviour 
with caustic and carbonated alkiJies, which precipitate brown geloHnoms Uiallle 
kydnitev Tl^'OHo, insoluble in excess. 

Thallic oxide is scarcely acted on by concentrated sulphuric acid in the cold ; 
on heating thaUio sulphate, (SO])sTlo '3,70Hs is obtained. When a solution of 
thallic su^hate is boiled, oxygen is given off and a thallious salt left. When 
treated with HCl, thallic oxide yields the chloride Tl^'Cla, as a white crystalline 
mass, which on heating splits up into TlCl and Clj. 

HCl, or a taloMe chloride (hromlde), produces no procipitate. 
SHf reduces thallic to thalliouB salts, with precipitation of sulphur. 
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I GOHo P*^^^^^^ ^ white pulyerulent precipitate. 

POHoNaos gives a white gelatinous precipitate. 

AaOHoa, or a soluble arseniate, gives a yeUow gelatinous precipitate. 

OrO^Kos does not precipitate tballic salts. 

KI gives a precipitate of TU and Ij. 

3. IH OIUM, Ivf^, and pseudo-triad. Atomic weight, 118*4. — Has hiiheito only 
been found as a rare and insignificant constituent of some zinc ores (zine-blende 
from Freiberg), in the metallic zinc prepared from these ores, and in tungsten. 

Indium is a white, highly lustrous metal, resembling platinum, soft and 
ductile, of specific gravity 7*42. It fuses easily at 176° G. It is not oxidised in 
the air or in water. Dilute HGl or SO3H03 dissolve it readily, hydrogen being 
given off. Concentrated sulphuric acid dissolves it with evolution of SOj. I3u8 
is readily soluble also in cold dilute nitric acid. The oxide, In'^'fOs is brown 
when hot, straw-coloured when cold, and is readily reduced when heated on 
charcoal, or in a current of hydrogen gas. A black dioxide, In*K)t, exists 
likewise. 

The principal salts of indium, viz., the sulphate, (BO^ In^o^, 90Hs, the 
nitrate, KgOelno'^', and the chloride, In'^'Cl^, are freely soluble in water. The 
chloride is volatile and hygroscopic. 

BBACTION8 IS THX DBT WAY. 

Indium and its compounds impart to the flame a peculiar ft2«»#A tinge. When 
examined with the aid of a spectroscope two oharacteristic blve lines can be 
seen, a bright one in the blue, and a feebler one in the violet. They are how. 
ever very transient. The sulphide gives more persistent lines than the obloridr. 

BBACTI0K8 IK THB WET WAT. 

' We may employ A soljjtion ov any ov thb aboyb salts. 

SH] produces no precipitate in the presence of a strons acid. Indium is, 
however, precipitated Uke the metal zinc, from slightly acid solutions, or 
in the presence of acetic acid. The slimy precipitate or iMtfle sulphide* 
'Ina'^'^s* i> of a fine yeUow colour. 

SAm2 produces at first a white precipitate from a solution, containing amnionic 
tartrate, said to consist of In*'*^^ and hydrogen. It turns yeUow on the 
addition of acetic acid. The sulphide is insoluble in oold, but soluble in 
hot SAms, and on cooling it separates asain of a white colour. 

KHo, NaHo, or AmHo, produces a white hulky precipitate of Indle liytfrmtCy 
In'^'Hogt resembling aluminic hydbatb, quite insoluble in KHo or AmHo. 
The presence of THos prevents the precipitation. 

Alkaline carbonates precipitate white gelatinous earboante. When 
recently precipitated it is soluble in ammonic carbonate, but not in the 
fixed alkaline carbonates. On boiling, indie carbonate separatee again. 

OOBao" precipitates indie salts in the cold, as basic salts. (DiSTorcTlOX 
FBOM Zv, Mn, Co, Ni, and Fb.) 
• POHoNaOj throws down a bulky white precipitate. 

Alkaline oxalates produce a crystalline precipitate. 

Zinc precipitates the metal in the form of wnite shining laminsi. 

4 YANADIVM, y'and ^ Atomic weight 5r8.~Oocurs only in a few 
very rare minerals, principally in vanadite, or plumbic vanadate and oxychlorida, 

VsOaPbo^f (ni^^ )> uuilogous in composition to pyromorphite (oomp. p. 98) ; 

also to a very small extent in many iron ores (clay and pea iron ores), and, ao 
Boscoe recently discovered, in the copper-bearing beds at Alderiey Edge, sad 
Mottram St. Andrews, in Cheshiro. 

Vanadite may e i|uuie the starting point for preparing the several vanadium 
compounds. The mineral is dissolved in nitric add, and the lead and snenic 
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precipitated by SHj, which at the same time reduces the vanadio penloxide, 
V^fOt, to tetroxide, V**304. The blue filtered solution is then evaporated to 
dryness and the residue digested in ammonia, when the vanadic letroxide 
becomes reoxidized into pentoxide. The ammonic vanadate can be precipitated 
ss a white powder from this solution by introducing a lump of sal-ammoniac, 
being scarcely soluble in a saturated solution of AmCL ny exposure to a 
temperature below redness, in an open crucible, ammonia is expelled and V^^Os 
is left. 

Yanadium forms several oxides, oxychlorides, chlorides, sulphides, which 
show that the metal is closely allied to the phosphorus and arsenic group. Thus 
we have : — 

Oxides. Oxychloride. Chlorides. Sulphides. 

'V'aOa — VClj — 

V'"sO, (black) — VCl, — 

'V'^aO^ (blue) — VCI4 ^V^^A 

V'sOj V^OCla — V^^6 

The most imi>ortant of these compounds is the pentoxide, or vanadic anhy- 
dride, identical in composition with phosphorio, arsenic, antimonic, tantalic and 
niobic anhydrides. It combines in different proportions with bases forming like 
the other anhydrides referred to, three series of salts, yiz., ortho-f pyro-, BJid 
meta-vanadate§. Fused with OONaoj, it yields sodic ortho-vanadate, VONaoa » 
but when boiled with a solution of an alkali, it forms the meta-vanadate, the 
latter class of vanadates being more stable than the ortho-salts. Alkaline 
vanadates are soluble in water, inversely to the quantity of free alkali, or alkaline 
salt present. Hence they are precipitated from their solutions by excess of 
alkali, or by salts (AmCl). {Most characierUtic reaction.) 

Vanadicanhiiiri de has a reddish-yellow colour^ and in HiffimiUTj B nlnhlff* in 
wakaLfi.OOlFparts^, for ming a light yellow solution, which reddens irty nim pa p er. 
It di ssolves also m the stronger «^^fi« to red or yellow solutions^ which beco me 
frequ ently decolorized by mere boilin g] It unites, however, with bases more 
readiry tban with adds. 

A Bulphurio acid solution of the acid when consid flrftbly di^Bte*^ '"'♦^^^ '°Titi>r, 
and treated witn zinc or sodium amalgam and wamied gently, turns tetJUue, 
t hen green, and fina lly from lavender to violet, l3ie V^b becomes rftdnp«fl to 
*V^\0 ^ ; and on the ^ditTbn oT AmHo. a brow n precipi t ate of the l ;y <^y»vt<^ of 
thU dioxide (hypovanadious acid) forms^ which absorbs oxygen more rapidly 
ikam~~dny other J:nown reducing agent ^ and bleaches organic colouring matter 
(indigo solution, etc.) as quickly as chlorine. 

Many organic substances, such as oxalic or tartaric acid, sugar, alcohol, 
reduce vanadic acid, especially in the presence of strong mineral acids, tfi_^e 
blgfi_ilfiT304- The game takes place when 80^, or SHjt are added t o its solutio ns 
in acid . 

BEAOTIOK8 nr THE DBY WAT. 

Borax dissolves VjOs to a clear bead, colourless^ or, with large quantities of 
the anhydride, yelloWy in the outer flame, beautiful green in the inner flame. 
With larger quantities of vanadic acid it looks brownish whilst hot, and only 
turns green on cooling. 

BEACTI0N8 IIT THB WET WAT. 

Use a flOLTjnoN of Sodic Meta vanadate, V02Nao. 

Or thovanadates are generally yel low or reddish-yellow, both in the liquid iind 
ftoUd ttaCel iSy tx>umg in water, the orthovanadates of the alkalies are conrerted 
idtSTooIourless metavanadates. _On ^he addition of an acid to a solutinT] n f ^ 
n eutral or arthovanadate, the_solntion b ecomes y el lowish-red, ow in g tn thT f^r- 
m ation of anhydro-flalt s. 

ionic, baric, and plumbic meta-vanadates are but sparingly soluble in 
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water. The alkaline yanadates are more soluble in pure water, than in waier 
eontaining free alkali, or a salt : hence they are precipitated in the preeenee of 
the latter. All are soluble in nitric acid, but insoluble in alcohol. 

SAms (groap reaggnt) produces a brow^ «*oToTftH/>n 'T the liqu idj_and on 
A cidulating with JblUl, or better with^OaHoj, t he joluble agunonic iui- 
p^O 'Tanac&te is de compos ed, and brown penfaaalPliHlc . Vj8|. joixed 
with sulphur, i^ pwclplCfttfed ; the liquid at the same time^jgenerallj 
ac quires" a bTue~65 tgnr.' ' "If "dissolves with' red-brown doIbur~ in aqueous 
solutions of alkaline carbonates, hydrates, and sulphhydrates. 

If an acidified solution of an alkaline yanadate be shaken up with ether eon* 
taining peroxide of hydrogen, the aqueous fluid acquires a red-br^wn colour, 
like that of ferric acetate, whilst the ether remains colourless. This reaction ia 
extremely delicate. 

Yanadio and chromic acids are the only acids whose salts gire rise to red- 
coloured solutions. They are, however, differently fiflected by reducing agenta. 

REACTIONS OF THE RARE METALS OF OROUP H. 

Group II comprises the Bare Metals^ precipitated as Sulphides by 
SJIi, from a Hydrochloric Add Solution, viz. : — 

(A.) As Sulphides, insoluble in yellow Anwionic Sulphide: — Pal- 
ladium, Rhodium, Osmium, Ruthenium. 

1. PALLADII79I, Pd''and>''. Atomic weight, 106-5.— Occurs native in 
platinum ores, principally, however, alloyed with gold and silver, in a gold ore 
round in Brazil. The gold dust is fused together with silver, and the granular 
alloy heated with nitric acid, in which silver and palladium only dissolve. Ghi 
the addition of sodio chloride, silver is removed as chloride, and the paUadiam 
may then be precipitated as palladious cyanide, by means of menmrio cyanide, 
and decomposed by ignition. 

The metal greatly resembles platinum, but is somewhat darker in oolour. 
Its roedfic gravity is 11*8. Of all the so-called platinum metals it fusee most 
readUy, difficultly in an ordinary fire, but easily in the oxy-hydrogen flame. 
Palladium is sparingly soluble in pure nitric acid, but dissolves more readily in 
the red acid. It dissolves slightly in boiling concentrated sulphuric acid, but is 
readily attacked by fusing with hydrio potassic sulphate. The true solvent for 
it, as tor most other platinum metals, is aqua regia. Palladium forms several 
oxides and chlorides, in wliich the metal exists either as a dyad or tetrad, thus :— 

PaUadious oxide Pd"0 Chloride T6fV\t 

PalUdic „ Pd»'0, , Pd«^Cl4. 

The lower oxide is obtained on gently igniting palladious nitrate. It ia 
black, and its hydrete dark brown. Both part with their oxygen upon intense 
ignition, leaving spongy palladium. The nitrate may be prepared from the metal 
by dissolving in nitric acid and conoentretion over a water-baUi. It forms then 
a brownish-red non-crystallisable mass. 

Palladious salts are mostly soluble in water ; they are brown or reddish* 
brown ; their dilute solutions are yellow. 

EEACTIOITB IK THB WBT WAT. 

We employ a bolutiov ov Palladious Nitbatb, HsO^Pdo^. 

OH] precipitates a brown hmiUe salt, from solutions oontaining slight ei 

of acid only. 
SH], or SAmt, throws dawn from acid or neutral solutions black 

sttlptalile, PdS, insoluble in BAmj, but soluble in boiling hydrochlotie 

aoid, and readily soluble in aqua regia. 
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KHo, or KaHo, precipitates a tfellowish'hrown basle salt, sblnble in excess. 
OOKoj, or OONaOf, precipitates brown palUMUoos hydrate, PdHo,, soluble 

in excess, reprecipitaM. on boiling. 
AmHo, or OOAmO], produces no precipitate from, the nitrate, but decolorises 

the dark brown solution. 
HI, or aolohle loilldes give, eren in yeiy dilute solutions, a hUtck precipi- 
tate of palladlous Iodide, Pdl,, somewhat soluble in excess of KI. 

{MoMt eharacteriatio reaction for Pd. It serres for the detection of 

iodine in the presence of chlorine and bromine.) 
HffOysgiyes a yellowish white gelatinoiu precipitate of PdCyji readily soluble 

in KCy, and in AmHo. Slightly soluble in HCL It leaves on ignition 

spongy metallic palladiiun. 
CyAms gives no precipitate, even after the addition of SO]. (Distinctiok 

PBOM Gu.) 
SnCIs produces a hrownUh'-hlacJc precipitate, soluble in HCl, to an intense 

green solution. 

Palladlous salts are reduced to the metallic state by phosphorus, SOHoo, 

{H 
OOHo* ^^^^^'^^ '^^^ ^' vton, alcohol, etc. 

Palladious chloride, obtained by dissolving PdS in boiling HCl, is preci- 
pitated by ammonia as flesh-coloured anmonlo - palladlous c1ilorlde» 
VfHePd''Cl^ soluble in AmHo to a colourless fluid, from which HCl reprecipi- 
tatea it as a yellow crystalline chloride, identical in composition. 

AmCl does not precipitate palladium salts. 

KOI precipitates a brownish-red octahedral double ehloride, 2KC1, PdCl^ 

insoluble in absolute alcohol ; soluble in water to a dark-red fluid. 
All palladium salts are decomposed by ignition, leaving metallic palladium. 

2. KBODIUHt BV, *% and ""S also a pseudo-triad. Atomic weight, 104*4. 
—Found in small quantity in platinum ores, and frequently to a considerable 
extent in platinum residues. 

It is a whitish-grey metal, less ductile than platinum, and scarcely softened, 
even in the flame of the oxy-hydrogen blowpipe. The specific gravity of un- 
fused rhodium is 10*64, that of the pure metal, after fusion, 12*1. Rhodium is 
unalterable in the air at ordinary temperatures, but oxidizes at a red heat. It 
also combines with chlorine at a red heat. When pure it resists the action of 
the strongest acids, even of aqua regia; but when alloyed with other metals, as 
with Fb, Bi, Cu, and Ft, it is soluble in aqua regia ; when, however, alloyed with 
Au, or Ag, it does not dissolve. It is oxidi^d by fusion with solid caustic 
potash and nitre. Fusion with hydric potassic sulphate converts it into soluble 
pocaaale rhodle sulphate, SaOe(Rh'''£30e)^i. Mixed with sodlc chloride, 
and ignited in a current of chlorine, a double etaloiide of sodium and 
Fhodlun, 3NaCl,Bh'"Cls,120H3, is formed, which is likewise easily soluble in 
water. 

Rhodium forms several oxides, chlorides, sulphides, etc., in which the metal 
exists as a dyad, tetrad (pseudo- triad), or hexad element, thus : — 

Oxides. 

I ' 1 

Bhodious oxide Bh"0. 

Bhodic „ 'Bh'"«0,. 

„ dioxide Bh«'0j. 

Bhodic trioxide (anhydride, acting as a weak acid) . . Bh^^Os- 

Chlorides. Sulphides, 

f—^-^ \ t * \ 

Bhodious chloride Bh^'Clg. Bhodious sulphide. . . . Bh^. 

Bhodic chloride Bh^'CL. Bhodic „ .... 'Bhs'^S,. 

or 'Bh'"^. 
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The most impoitsBt ooapoundg are the BhsCl« and B1^0«. Bhodium nlto 
are obtauwd wlfch diffioolty, owing to the insolubility of the niefcal, and ite oxide 
in acids. Their solutiona are generally rose-coloured. 



BSA0TI0N8 IN THB WET WAY. 

I 
I 



We may employ A bolxttion of Fotassio-Bhopic Sulfhatb, or of thb 

DOUBLE ChLOBIDB OF SODIUH ASJ> BbODIUM. 

SH], or SAm^, precipitates from a hot solution brown rhotfle aidplUtf e, 

Bh^B, insoluble m SAmt, but soluble in boiling nitric acid. 
KHo, or NaHo, giyes with the chloride a yellowisk-brown precipitate of 

rhoillc hydrate, BhsHoQ, soluble in excess; in other riiodie salts this 

precipitate appears only on boiling. 
From a solution of rhodic chloride, f Ho, producing at first no predpttafte, 

nres, on the addition of alcohol^ a brown precipitate of rhodtc hydrate. 
AmHo gives also a yellow precipitate, only f ormea, however, after some time, 

soluble in HCl. 
'Kl produces a slight yellow precipitate. 
Metallic zinc precipitetes blaick metellic rhodium. 
NOKo (potasslc nitrite) gives with the chloride an orange-yellow preciin- 

tato, which h slightly soluble in water, but readily soluble in HCt 

Shodium is distinguished from ihe other platinum metab by ite insolubility 
in aqua reeia, its solubility in fusing SO^oKo, and the behaviour of its ohlonde 
with potash and alcohol. 

3. 0891 1 UM, Os", ^^ ^S and ^*S also a pseudo-triad. Atomic weight, 199*8, 
—Found chiefly as a natural alloy of otmium iridium in platinum ores, whioh 
remains behind undissolved, when the ores are treated with aqua recia, in the 
form of white, metallic-looking, hard grains. This alloy is atteeked \j mixing 
it with common salt, or potassic chloride, and exposing it in a glass or pcMvelain 
tube to a current of moist chlorine gas. Osmic acid k formed, whioh volatilisea, 
and can be condensed and fixed b^ passing the fumes into a solution of caustic 
potash. Iridium remains behind m the tube as a double chloride, EKClfliCS^. 
lids salt is obtained in reddigh-blaek regular octahedra, by recrvstaUisation 
from water. The iJkaline solution is evaporated with excess of eal*ammoiiiae, 
and leaves on ienition of the dry residue, and extraction with water, metaUio 
osmium, as a uack powder, or grey, and with metallic lustre. The densest 
metal has a specific gravity of 21*4 Intense white heat volatilises the metal, 
but does not melt it. In contact with, air, it bums the more readily the finer 
the metal is divided, and is converted into •anle anhydride, Os^*u04. Red 
fuming nitric add, or aqua regia, dissolves osmium likewise, and oxidties it to 
OaO^. Tery intensely ignited, osmium is rendered insoluble in acids, and has tb 
be fused with nitre, and then distilled with nitric acid, when OsO^ diilils over. 

Osmium combines with oxygen, or chlorine, eto., in several propoitiooa, 
thus^-» 

Osmious oxide ...... Oa^'O Osmious chloride. . . Oa'Clj 

Osmic „ 'Oa'",0, Osmic „ (not 'Om'*'fi\^6KCi 

isolated) 

Osmic dioxide Oa*^Os Osmio tetnM^Ioride . Oe'*Cl4 

Osmious anhydride . . Oa'*Oj — 

Osmic anhydride .... Oa'*"04 — 

The two highest oxides combine with bases, and form oamltea and unstable 
oanaf ea. Oa04 is remarkable for ite peculiar, exceedingly irriteting, and ofiensive 
odour, resembling that of CI and I. It attacks the mucous membrane and the 
lungs, and is excessively poisonous. It is absorbed by water, and is preeipitated 
from ite solutions by aU metals, even by merouTy and silver, as a black metallic 
powder. On heating a mixture of finely^divided osmium, or of the sulphide, with 
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poteflsio chloride in a stream of efalonne gas, a double chloride, OssGl^KGl, 
8OH3, ifl obtained, which crystallises from water in dark red-brown, regular 
octahedra. The salt is insoluble in alcohol. 

The solution of this double chloride is more stable than that of the osmium 
chlorides, and maj oonyenientlj be employed for studying the reactions. 

BBAOTIONB HT THB WST WAT. 

BK2, or SAms, gives a hronmish-hlaek aulpblde, Oa^'S, which only sepa- 
rates when a strong add is present. The precipitate is insoluble in 

KHo, or NaHo» AmHo, or OOKoj, produces a brawnuh-red precipitate of 

hyilrateil osmle illoxlile, Ou^^Ho4. 
On fusing the double chloride with OONaoj, dark grey OsO^ is obtained. 

Heated with tannic acid, or alcohol, with addition of HCl, the double chlo- 
ride is reduced to the blue osmious chloride, Os^'Cla. 

A solution which contains osmic acid (an osmate) is remarkable for its great 
•Zldlaliiv power. It decolorises indigo solution, separates iodine from £1, 
oouTcrts alcohol into aldehyde and acetic acid. Soillc sulphite yields a deep 
yiolet coloration, and dark blue oamlous sulplilte, SOOso'', gradually sepa- 
rates. Ferrous sulphate produces a black precipitate of OaOa. Stannous chlo- 
ride produces a broum precipitate, soluble in HCl, to a brown fluid. All 
compounds of oimium yield the metal when ignited in a current of hydrogen. 

4. HimiBIf lUM, Bu", *▼, ▼*, and ^", also a pseudo-triad. Atomic weight, 
104'-4b — Found in small quantity only, in that i»ortion of the platinum ores which 
mmains behind, after treating with aqua regia. It is a greyish-white metal, 
closely resembling iridium, and yery diflScultly fusible. When heated in the air 
it becomes coyered with bluUh-blaek ruthenle oxide, BusOg, insoluble in acids. 
When pure, it is insoluble in acids, being barely acted upon by aqua regia ; 
fusion with hydric potassic sulphate even remains without action upon it. 

It is attacKed, either by fusion with caustic potash and nitre, or potassic 
chlorate, and is conyerted thereby into potaasle rntlienate, Bu^OsKoj, a dark 
green mass, soluble in water to an orange coloured fluid, which tinges the skin 
black, from separation of black ruthenic oxide. Acids (KOaHo) throw down the 
black hydrate. 

Or it may be rendered soluble by ignition with potassic chloride in a current 
of chlorine gas, being thus conyerted into potaasle ruthenle chloride, 

2KCl,Bii»^0l4. 

Butbeninm forms seyeral oxides, chlorides, etc., thus : — 

Buthenioas oxide Bu'O. Buthenious chloride .... Ba'^Cl^ 

Buthenic ,, ^u'^sOs Buthenic chloride 'Ruf'\Cl^ 

Buthenic dioxide Bu^^O] Buthenic tetrachloride . . . Ba**^C]4 

Buthenic trioxide Bu^^Og (known only in combination). 

(anhydride). 

Buthenic tetroxide Bix^'^^04 

(perruthenic anhydride). 

3U!ACTI0irB IN THB WET WAY. 

We may employ a solution of Bxtthbnio Chlobisb, '&xk'"fii^ prepared 
by dissolying in HCl the ruthenic hydrate, precipitated by nitric acid, from a 
solution of potassic ruthenate. It forms an orange-yellow coloured solution, 
iri^eh en heating is resolyed into HCl and BujOa. 

SH] produces at first no precipitate, but after some time the fluid acquires an 
mtmrt blue tint, and dapoeits broum rnthenle sulphide, Bu^g. This 
reaoiion it verv deUcats amd ekaracterietie. 

SAmj produces a brotlimish-blaok precipitate, difficultly soluble in ezeess. 

Q 2 
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KHo preoipiiates black rathenle hydrate, Bn^Hoe} inaolnble in alkalieB, 
but soluble in acids. 

CjEs produces, in the absence of other platinum metals, after some time a 
rM coloration, which graduaUj changes to purple-red, and, upon heating, 
to tkjlne violet tint (very characierieiie), 

KCl, or AmCl, produces in concentrated solutions crystalline gloeey violet 
precipitates of the doable etaloridea, diffioulUj soluble in water, in- 
soluble in alcohol. They are decomposed on boiling with water with 
separation of black ruthenious oxychloride. 

"SOKo forms a double salt, SKOEo, HaOsBuo''^ readily soluble in an ezoeaa 
of the alkaline nitrite. On the addition of a few drops of colourless SAm^ 
the solution assumes a splendid dark red colour, clumging to hrown, with- 
out precipitation of sulphide. 
Metidlio zinc prrnluces at first a fine azure blue coloration (owing to the reduc- 
tion of ^u'^'sCls to Bu^Clj), which subsequently diHippears, ruthenium 
being deposited in the metallic state. 

(B.) As Sulphides^ soluble in yellow ammonde sulphide : — Ikidiuu, 
MoLYBDEKUM, Tellubitjm, and Selenium. 

1. IRIDIUM, Ir'', ^'^, and ▼*, also as a pseudo-triad. Atomic weight, 198. — 
Found in platinum ores sJloyed with platinum, chiefly, howeyer, in combination 
with osmium, left behind as a natiFC alloy in the form of rery hard metallic- 
looking brittle grains, when the ore is treated with aqua regia. In this condi- 
tion, or when reduced at a red heat by hydrogen, from any of its compounds, 
it ie ineoluble i» every acid. Fusion with acid po tassic sulphate oxidises, but does 
not dissolve it (Distinotiok tbom Bh). when fused with caustio^soda in a 
silver crucible with access of air or with sodic nitrate, it is likewise oxidised, 
but the compound of JijO^ and soda is only partially soluble in water. By the 
action of aqua regia the latter is dissolved to a deep black liquid, containing the 
doable ehloride of Iridium and aodlnm, 2NaCl,IrGU. This same com- 
pound is aUo obtained when a mixture of the iridium powder and drj sodio 
chloride is heated in a glass or porcelain tube in a current of chlorine gas, and 
the residue dissolved out with water. 

Iridium forms numerous compounds with oxygen, chlorine, iodine, snlphnr, 
etc., in whioh the metal exists as a dyad, pseudo-triad, tetrad, or hexad, as will 
be seen from the following list :— 

Oxides. 

Iridious oxide Ir"0. 

Iridic ,, '^rjP>- 

Iridic dioxide (most stable) Ir^^f. 

„ hydrate (bulky, indigo coloured) Zr*^Ho4. 

Iridic anhydride (not known in the free state) Ir^^. 

Chlorides. Iodides. Sulphides. 

Ir'CL. Ir'I^ Ir'S groyish bUck? 

Ir'" A- It" Ve. '^''A brownish black. 

Ir»^0l4. Ir»n4. 

All iridium chlorides are capable of forming crystalline double chlorides with 
tb« chlorides of the alkali metals. 

RBAOTIOKS nr THB WBT WAT. 

A SoLUTioK ov THS souBUi Ohlosidi ov SoDnrK Am iBnnvM, 
2NaGl,XrOl4, may conveniently be employed, 

8Ha first decolorises the iridium solution, with sepamtion of sulphur and 
redaction of the Zr*''Cl4 to 'Jx^"fil^^ and finally precipitates brown Iridic 
anlphlde, lyA- 
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BAm^ prodiioes the rame precipitate, readily soluble in excess. 

KHo or NaHo added in excess colours the solution greenish, and precipi- 
tates a little brownish hUick potastic double chloiide. On heating 
the liquid with exposure to the air, it acquires at first a reddish tint, 
which changes afterwards to azure blue (Distinction tbom Pt), and 
when evaporated to dryness and taken up with water, a colourless solution 
is obtained, and a blue deposit of Irtdic dioxide is left undissolred. 

KCl precipitates dark brown potesslc Iridic chlortde, 2ElCl,IrGl4, in* 
soluble in a concentrated solution of potassic chloride. 

AmCl throws down from concentrated solutions a dark red powder, consist- 
ing of small octahedral crystals of the ammonlc double chloiide, 
2AmCl,IrOl4, insoluble in a concentrated solution of the precipitant. 

Sedueinff agentet such as potassic nitrite, oxalic acid, lerrous sulphate, 
stannous chloride, mercurons nitrate, reduce this double salt (as well as 
the potassic double chloride) especially when in hot solutions, to the sesqui- 
salt, e.g, .•— • 

2(2Ka,Ir»<a4) + 4NOKo - 6KGl,1r'"aCa« + 2NOjB:o + W,0,. 

The double chloride crystallises out on cooling. 

When Ir*^Ho4 is suspended in a solution of potassic nitrite, and the solution 
saturated with sulphurous acid and boiled, with renewal of the water as lonfl as 
80) is given ofi^, tne whole of the iridium is conrerted into insoluble brownuh- 
ffreen Irtdle sulphite, 80(IrO)''o'',40H3 (Sbpabation pbom Pt). 

Metallic zinc precipitates black metallic iridium. 

Notb. — ^For the separation of the so-called platinum metals we must refer 
the student to some larger work on Chemistiy, such as " Watts' Dictionary." 

2. HALTBDBWUHj^ Mo'', ^^ ^, and ^^, also as a pseudo-triad. Atomic 
weight 96. — Occurs only in a few minerals, more especially in molybdic disnl- 
phide (Molybdenite), Mo^^Ss, resembling graphite, and as plumbic molybdate 
{wulfenite, or yellow-lead ore), MoOsPbo''. 

Molybdic anhydride, ICoOg, serres for the preparation of ammonic molybdate, 
a reagent hugely used now in determining phosphoric acid, and best obtained 
from molybdenite, by first roasting the ore, at a red heat, in an open ressel, 
and dissolring the impure anhydride in strong ammonia. An acid ammonic 

r XoOsAmo 
molybdate, i O + OHj, crystallises out, on cooling, in large trans- 

I, ICoOsAmo 
parent crystals. The metal is prepared by intensely heating the oxide in a 
charooal-Uned crucible. It is a silver-white, brittle and exceedingly infusible 
metal, of specific gravity 8*6. It is not affected by exposure to the air, but when 
heated it becomes first brown, then blue, and finidly white, passing through 
Tarious stages of oxidation till it is converted into molybdic anhydride, XoOg. 
Molybdenum is insoluble in HCl, but is acted upon by 2f OjHo, or aqua regia, 
being converted into the anhydride, if sufficient nitric acid be present. 

It forms with oxygen, chlorine, sulphur, etc., compounds m which the metal 
exists as a dyad, pseudo-triad, tetrad, hexad, and octaa ; thus : — 

Oxides. Chlorides. Sulphides. 

r *-— — ^ f> * ^ f ■*■ -^ 

MolybdouB oxide, Mo 'O Mo"CV 

Molybdic „ 'Ko'"jO,. 'Mo'"jCl«. 

» MoO,MoO^ — 

Molybdic dioxide, Moi^^,. Moi''Cl4. Mo>^, (the native molfbdenite). 

Molybdic trioxide — Mo^^s (sulphomolybdio anhy- 

or anhydride, MoOs. — dride). 

Mo^"S4 (per-sulphomolybdao 
anhydride). 

The higher oxide (anhydride) and sulphides form oxt- and solphO'Saits, — 
molybdate* and euljpho-molybdatee. Black molybdous hydrate, Xo floji, foMus 
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with acids molyhdou9 saltM^ which absorb oxygen readilj from the air, and are 
powerful redacing agents. The principal salts are, however, ihe wtolgbdaiM^ 

BEA0TIOK8 IN THB DBT WAT. 

Molybdie anhydride, when heated on oharooal, in the outer flame is Tolatiliced 
and forms a yellow crystalline sublimate on the charcoal which turns white, on 
cooling ; in the inner flame it is reduced to the metallic state (eren without 
OONaO]) ; the metal can be obtained as a grey powder, on levigating the ofaajr- 
coal. With borax, all oxides of molybdenum gire in the outw flame a bead 
which is yellow, when hot, and colowrletty on oocHing ; in the inner flame, a dorJt- 
hro¥m bead, which is opaque^ when excess of molybdenum has been iMed. 

BEACTI0N8 IK THB WBT WAT. 

We employ A soLUTioir ov Akmokio Molybdati. 

The alkaline molybdates are soluble in water. Most othen are insQlnble. 

Nitric, or hydrochloric acid, precipitates white molybdie aeM, HjoOjSo^ 
from a concentrated solution of a molybdale> soluble, however, in a large 
excess of the acid. 

SHj gradually precipitates from acidulated solutions hrownitMlaeh aiOlfb* 
die teraalplilde« KoSs, soluble in alkaline sulphides to sulpho-salta, 
which are decomposed aeain by acids with precipitation of XoSi, espe* 
cially on the application of heat. On the aodition of a littU 8Hf only, 
the molybdate solution acquires at first a hUte tint; added in larger 
quantities, it produces a precipitate, and the supernatant fluid appears 
ffreen, tUl on the addition of excess of SH^ the whole of the metal sepa- 
rates, though slowly, as a tersttlphide. 

SAm2 gives a similar precipitate, soluble in excess. 

■ednclBff aveata, suoh as BaCl^ TXfiJBig^", Zn and Hd, eto., piodnoe 
changes, marked chiefly by altmtions in colour. 

The principal and most characteristio reaction for molybdio anhydride 
sists, however, in precipitating it in a nitric acid solmHon, MBjfeUom pi 
pbn-molybdnte, or araeDln-nolybdate. by the addition of a mere 
trace of a soluble phosphate, or aneniate. (Comp. p. 186.) 

8. TKIiLlJBIlJH, Te", ^ and ^K Atomic weight 128.— Ooeors in a few 

places, and in small quantities only, as native metal (graphic amdfoliaied tellm* 
Hum) ; more often in combination with An, Ag, Bi, Pb, as a {m^hoyieUuride, 
analogous to arsenides, etc. ; or as tellttbovb acid, in combination with metallic 
bases. 

Tellurium exhibits all the physical properties of a metal, and resembles anti* 
mony in its general appearance. It is a white, brittle, but readily fusible metal, 
which may be fublimed in a glass tube. When heated in the air, it bums with a 
grtenith'hlme flame, emitting thick white fumes of tellnmiM aabydirlde, T0Ot> 
The metal is insoluble in HOI, but dissolves readily in ZTO^Ho, forming TaOi, a 
white substance which fuses to a yellow fluid, at a gentle heat, and volatilisee on 
stronger ignition in the air. Tellurous anhydride diBsolves barely in water, and 
the solution does not redden litmus ; readily in HOI, less so in 2f OjHo. It abo 
dissolves freely in potash, or soda, slowly in ammonia, forming dkaline tellvrltea. 
On dilution with water, white tellurous hydrate, TaOHoj, is precipitated from 
an acid solution. A nitric acid solution slowly deposits crysiaUme telluxous amd, 
even without the addition of water. 

Tellurium forms several oxides, chlorides, sulphides, etCi in which the metal 
is a dyad, tetrad, or hezad ; thus i — 

Ozidea. 

r *" \ 
Tellurous oxide (anhydride) Ta^^Of. 

„ acid TeOHOf. 

Telluric oxide (anhydride) Ta^O*. 

n acid TaO^Of. 
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Chlorides. Sulphidei* 

« ^ \ t — -^ — ^ 

Telliiroiis, or dioUoride TeCI^. -* 

TeUurie, or tetrachloride Ted^. TeSj. 



— TeSj. 

It ftbo forme with ^drogen a gaseous oomponnd, teUmrittUd kydroffem (or 
hydrotelUrie aoid), Ta''H|. 

Both the di- and ter-ozide are capable of formine with metaUic bases salts 
called telluritea and tellurates. The alkaline and allaline earthy tellarites— 
formed br fusing tellnrouB acid with the carbonates of these metals — are all 
more or lees solnble in water ; all others obtained b j doable decomposition avs 
insoinble. The tellurates of the alkali metals, preptfed in like manner, are tdao 
soluble in water; the others are insoluble. Tnej can be prepared by double 
decomposition. 

The sulphides of this metal act as sulpho-acida, fbrming, with the alkaline 
Bulpbidee, wulpho-telluriU* and telluraies. 

BXAOTIOKB nr THB DBT WAT. 

When tellarites, or tellurates, are heated with charcoal and OOKo^, they sra 
reduced to potessle tcllariAe, Te^JL^ which produces a black stain on a moist 
silTer plate, and is soluble in water, fonning a ourk-red solution. When HOI is 
added to this solution hydrstellnrie acid sas, Te"H^ is eyolved, resembling 
SHs in smell, and soluble in water, to a pale red solution, which is decomposed in 
contact with air, with deposition of metallic tellurium. 

All compounds of tellurium are readily reduced on charcoal in the inner 
flame. The reduced metsl is yoUtilised and forms a white scarcely risible 
deposit of tellurous anhydride on the charcoal. Stannous chloride colours it 
black, owing to the separation of metallic tellurium. 

With borax or microcosmic salt a clear colourless bead is obtained, which 
when heated on chaccoal, is rendered grey and opaque, owing to induced metal. 

BXAOIIONB nr THE WBT WAT. 

A. TBLLUMIC C0HFOUNDS. — TTsi ▲ BOLmoV OV POTASBIO TiL* 
XTnuTB, TeOsKo] (obtained by fusing potassic tellurite with nitre). 

HCl does not decompose tellurates in the cold, but on boilins the solution 
chlorine is evolred, and on dilution with water tellurous acid, TeOHo], is 
precipitated, soluble only in a considerable excess of HCl. (Dibtino* 
TIOK OP'TeOs 7S0M TeO].) 

B. VBLLIJR0IJS COHPOVNDS.— UsB ▲ BOLUTIOH &W POTABSIO Tbl* 
UTBITX, TeOKo,. 

HCl decomposes this solution and preoipitates white tellaraua add. Tel* 

lurium resembles in this respect Sb and Bi compounds. 
8H3 precipitates from acid solutions brown tellnroaa anlphlde, TeSj, 

resembling in colour SnS, and rery freely soluble in ammonio sulphide. 
■educing aventa, 0.^., SONao,, SnCl^, metallic zino and HCl, a solution 

of sulphurous acid, etc., reduce tellurium compounds and precipitate 

black metallic tellurium. 

4. SBLBWIVM, Se'', >^ and ▼«. Atomic weight 158.-*Found aaf io«, also 
as BBUDfiDB of Cu, Pb, Hg, Ag, Fe, etc. It is occasionally found in the flue- 
dust of roasting furnaces, and as a eeleniferoue deposit in the lead chambers of 
sulphuric arid works, where the acid is manufactured from seleniferous pyrites. 

It resembles the non-metallio element, sulphur, in many respects, e.^., in 
exhibiting alike allotropio changes ; in others the metal tellurium. It is a 
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brittle dark-brown substance, fuses at 200° 0., and raporisee at about Wf C, 
and may be sublimed. Heated in air it bums with a bluish flame and farms 
■elenlona anhydride, SeO], whilst at the same time a disagreeable odour of 
decaying horse-raddish is giren off. The same oxide is formed when selenium 
is di'ssolred in nitric acid, or aqua regia. Belenates containing aclealc ma- 
hydride, SeOj, are formed by heating selenium, or its compounos, with carbon- 
ates and nitrates of the alkalies. These oxides form two series of salts, rix^ 
gelenitesBXkd telenatet. The selenites are the more stable of the two. 

BEA0TI0N8 DT THB PBT WAT. 

Selenium compounds are reduced, when heated with OONaO], on charcoal, in 
the inner blowpipe flame, and ma^ be readily reooffnised by the charaeteristie 
smell of horse-raddish which thej giye off. If the saline residue, which contains 
sodic selenide, SeNa], be placed on a brifrht silyer coin and moistened with a drop 
of water, a black stain is produced on the silyer. Treated with dilute HQ, it 
eyolyes gaseous hydr#selenlc aeld (selenietted hydrogen), SeH], analogous in 
composition and properties to sulphuretted hydrogen. It is an inflammable^ 
foBtid, poisonous gas, yery soluble in water. The aqueous solution of SaHj 
gradually deposits selenium on exposure to afr s it precipitates aelCBldes fipmn 
solutions of many metallic salts. 

BEACTI0V8 TS THB WBT WAY. 

A. SELENIG GOHPOVTUDS.— Use ▲ 80LUTI0V OF POTABBIC SblBVATB, 
SeOsEoa. 

Selenates are stable salts, closely resembling the sulphates. They are soluble 
in water with the exception of the barium, strontium, calcium and lead salts, 
which are insoluble in water and in dilute acids. 

HCl decomposes selenates, on boiling ; chlorine is eyolyed, and the salt is 

reduced to a selenite. (Dibttkctiok tbom SeOj.) 
SHj does not produce a precipitate, till the selenate has been reduced to 

selenite, by boiling with HCl. 
' BaCl) produces a white precipitate of hmrle leleDate, SeOJSao^', insdlubla 
in water and in dilute acids ; decomposed by boiling HCL 

. B. SELENIOUS GOHFOUWDS. — UbB ▲ 80LUTI0V OP MX AuCALZni 

Selbkitb. 

The normal alkaline selenites are soluble in water, most others are inaoluble ; 
all acid selenites are soluble. HCl does not decompose selenites. 

8Hs produces from an acid solution of a selenite, a lemon-yeUow prscipitata 
of selenloua sulphide, SeSj (?) readily soluble in ammonic suJphido. 

BaCls giyes a white precipitate of hario eelenitej SeOBao', soluble in dilate 
HCl, or NOsHo. 

* MedadDV avents, such as S0» alkaline sulphites, SnCl^i metallic Zn, and 
Fe, precipitate from acidulated (HCl) solutions metallic selenium, as a 
red powder, which turns grey at a high temperature. (SOfFeo'' is with- 
out action). Metallic copper is imm^ialel^ coated black when placed in 
a warm solution containmg hydrochloric acid, and on standing, the solu- 
tion turns light red, from separation of met^lic selenium. 



Gronp I comprises the Bare Metals precipitable by HCl, yis., 
the metal TnKOSTEN, or Wolfbam, which is precipitated as tnngsiic 
acid, WOsHox, and Thallium precipitated as thallions chloride, TlGl. 
Several other metals already treated of in Gronp III be^dea 
Thallium, viz., Niobium, Tantalum, Moltbdekum, are likewise pre* 
cipitated, bat the precipitated acids (NbOsHo, TitOiHo and 
MoOsHot) dissolve again m an excess of hydrochloric acid. 
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1. T17W6STE1V, or W^LFMAH, W^^ and '^. Atomic weight 184.— This 
metal ocean in nature as teroxide in the form of tiingstates, in combination with 
the . hues OaO, FeO, KnO, in the minerals toolfram, WOj [Feo'' Mno"] and 
tunffsienf WOjCao". 

The metal can be obtained by intensely heating the oxide in a current of 
hydrogen. It forms an. iron-grey powder, yery difficultly fusible, and becomes 
again oxidifed to tungstio anhydride, WOsi when heated in air. Dry chlorine 
gas oonyerts it into dark violet^ WClg, whidk sublimes, and a more yolatile red 
oompound, WCI4. Both chlorides are decomposed by water into the correspond- 
ing hydrates, with formation of HCl. The metal is insoluble, or scarcely soluble, 
in acids, eyen in aqua regia. 

The following are some of the mora important compounds which tungsten 
forms with oxygen, chlorine, and sulphur. 

Oxides. Chlorides. Sulphides. 

/ ^ \ t ^ \ 

Tnngstic anhydride (lemon-yellow) .... W^O^. "W^^Cl^. 

Tungstio dioxide (brownish-black) .... W»0^ W*^Cl4. 

Intermediate (blue-coloured) oxide .... WjOf. WCl^. 

« W»^0^ W^^s = WCI4, WClc. 

Tunffstic anhydride can be prapared from wolfram or tut^ttent by digesting 
the finefy diyided mineral in aqua ragia, till it is completely decomposed, and 
eyaporating to dryness on a water-bath. The metallic chlorides ara dissoWed 
out with acidulated water, and the residue, which contains a little silica and some- 
times niobic acid, washed with alcohol and treated with ammonia. Tungstio 
acid is dissolyed, and silicic and niobic acids are left behind. From the ammonia 
salt, pure anhydride is obtained by the eyaporation of the filtrate and ignition. 

BBAOTIOK8 TS THB DBT WAT. 

When heated on charcoal in the reducing flame, together with OONaog and 
KCy, tungstic anhydride is reduced to a black powder, containing metallic 
tungsten. Heated with microeosmic salt, tungsten compounds giye a colourles$ 
bead in the outer flame ; in the inner flame a blue bead, which on the addition 
of a little BOJ^eo" changes to blood-rcfl. The addition of tin changes the red 
bead to blue' or green. 

BEACTIONB TS THE WBT WAY. 
Wb mat EICPLOT A BOLUTIOK OF SODTO TTTirGBTATB, WO^NaOj. 

The alkaline tungstates are soluble in water, all others are insoluble, and can 
be obtained by double decomposition. 

■iDenU Adds (HCl, NO3H0, or SO3H02) precipitate white tanffstle aeld, 
WOfHo). It turns yellow on boiling, and is quite insoluble in excess of the 
adds. (DiBTiircTiOK tbom KoOa). Non-yolatile acids (e.ff., phosphoric, tar- 
taric) precipitate it likewise, but the precipitate is soluble in excess. It is also 
readily soluble in Am Ho. 

8H3 produces no precipitate from an acid solution, but reduces the tungstic 

acid to the blue oxide, W2OC. 
SAmj produces no precipitate from alkaline tungstate s, bu t on acidulating 

with HCl, liffht brown tanffstle teranlphlde, WS, is precipitated, 

slightly soluble in pure water, but insoluble in the presence of salts. The 

solution is coloured blue. The precipitated sulphide dissolyes readily in 

ammonic sulphide. 
BaOlj giyes at first a yellow precipitate ; on acidulating with HCl and 

applying heat, the precipitate acquires a beautiful blue colour. This 

reaction is very delicate and highly characteristic. 
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REAGENTS. 
SOLVENTS. 

BlatlUMl Water** — Obtained by oondensing steam by means of a tin wonn. 
The first portions of the condensed water usually contain carbonic anhydride and 
ammonio carbonate, and should be rejected. 

'Impuritiet.-^Whwi eyaporated in a platinum -vessel, distilled water should 
not leave a solid residue, either organic or mineral Ammonio sulphide on|^ 
not to give a precipitate (On, Pb, Fe), neither ought basic plumbic acetate to 
cause a turbidity (COs, COAmoj). No turbidity or precipitate shonld be pro- 
duced j moreover, on the addition of ammonio oxalate (lim^, bario chloride (snl- 
l^ales), or argentic nitrate (chlorides). Pure diefcUled water is colonrlesa, 
inodorous, and tasteless. 

Water used for Nesder^s test should be specially disHIled in a glaee raloft 
with a few pieces of caustic potash, and the distillate rejected as long as tiio 
JB^essler solution indicates any traces of ammonia. 

Alcohol (Hethylated Spirit), OsHcHo or EtHo. — Ordinal^ methylated 
spirit (i.e., ethylic alcohol, 90 p. c., mixed with 10 p. c. of wood spirit or methylio 
alcohol) mav be employed for most purposes. It can he rendered absolute bT 
shaUng with well dried potassic carbonate and distilling the clear spirit in a flask 
or retort from a water-bath. 

Imjmrities. — Oommeroial methylated spirit frequently leaves a residue on 
evaporation, if so, it should be rectified by distillation. It should be without 
action upon litmus papers. 

Ether, OEtj. — The ordinaiy ether (methylated, t.«., prepared from methy- 
lated alcohol) of commerce, is pure enough. 

ACIDS. 

Balphiiric Aeld,* BOJSiof. — Common oil of vitriol may be used in aO 
operations with whidi its usual impurities (lead, areenic, iron, lime, nitric add) do 
not interfere. Sulphuric acid, free from arsenic, should be employed for genera- 
tiug arsenietted or antimonietted hydroeen, and an acid frve from lead, w h euete r 
this metal has to be precipitated as siuphate. Sulphurio acid, free from nitric 
acid and nitric peroxide, ought to be employed in testing for nitrio aoid by means 
of ferrous sulphate. 

Impurities. — Pure sulphuric acid is oolourlees, and leaves no residue oo evapo- 
ration in a porcelain dish. When a solution of ferrous sulphate is poursd upon it 
in a narrow test-tube, it should not form a brown ring where tne two iH^nids 
come in contact (nitric acid and nitric peroxide), nor strike a bine eolonr when a 
highly diluted solution of the acid is added to a solution of pure potassic iodide 
and starch paste (nitric peroxide). The presence of axvenio is beet ascertained 
by passing a current ot sulphuretted hydrogen through the dilute acid, or by 
generating hydrogen from zinc free from arsenic, and passing the gas through an 

* The asterisk marks the more important reagents. 
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ignited oombustion tube (Marsh's test, Fig. 14). Plmnbio flslpbate is frequeoUj 
found in sulphuric aoid, and is precipitated on diluting wim water, being less 
soluble in dilute than in concentrated acid. Hydrochlono acid should cause no 
ttrbiditj (lead) where the two liquids meet. 

The pure acid can readily he bought now, and the student should not attempt 
to purify the crude acid. 

•flute flttlplmrle AelA.*— Prepared by pouring slowly one part by 
measure of the concentrated acid (sp. gr. 1*8) into fire parts by measure of dis- 
tilled water, with continuous stirring. Thin glass Teesels (beakers) or a porcelain 
dish should be employed, as much heat is eTolred. Allow the plumbic sidphate 
to subside, and decant or syphon off the dear liquid. 

Wltrie Acid,* Aquafortis, HOsHc-^Should be oolourlees, and leare no 
rtsidne on evaporation in a glass dish. 

Impurities,— Qulphnrio and hydrochlorio acids. Dilute considerably, and test 
portions with baric nitrate and argentic nitrate. 

DUnte Nitric Aclfi.* — Prepared by diluting one part of pure commercial 
aeid (sp. gr. 1*36 to 1*45) with three parts of distilled water. 

Grade Nitric Add.* — May be employed for all experimente in whidi the 
aboTC impurities do not interfere, e.g., in the preparation of N2O1 or N3O3 by 
the action of nitric add upoii copper or arsenious anhydride. 

Ganccntratcd Hydrochloric Add,* Mnrtotlc Add, HOI. — Shoold be 
oolomiess, and leave no residue on evaporation. 

Impurities, — Kenio chloride, sulphtirous and eolphnric acids, arsenic. The 
add should not impart a blue colour to a solution of EI and starch paste (CI or 
Fe]Cl|}. On adding a few drops of a solution containing iodide of starch, the 
blue colour should not be destroyed (SO3). The dilute add should remain clear 
on the addition of a solution of baric chloride (8O3H02). Sulphuretted hydro- 
gen, when passed through the dilute acid, should not produce a predpitate 
(arsenic), nor should ammonic sulphocyanate redden the diluted add (iron). 

Dilute Hydrochloric Add.* — Pure commercial acid, sp. gr. 1*16, is diluted 
with three times its bulk of distilled water. 

Grade Hydrochloric Add.* — Should be employed, whenever the impuri- 
ties which it contains do not interfere with the object m view, as for instance in 
the preparatton of chlorine from manganic dioxide. 

Aqua Hcvla or NItrohydrochlorIc Add. — ^Prepared, when required 
only, bv mixing one part of concentmted nitric add wilii three to four parts of 
hyarochloric add. 

' talphnront Add, BOH03. — Prepared by acting with oonoentrated sol* 
phuric acid upon copper, and passing the gas into water. The solution shoold 
be kept m a well stoppeved botUe. 

Carhonlc Add Water.— A solution is prepared by acting with hydro- 
chloric add upon marble, and passing the evolved carbonic anhydride into 
water.. 

Chlorine Water.^A solution of chlorine in water is readity prsparod. It 
should be kept in a well-stoppered bottle, and in a dark places ainoe on exposnro 
to Ught, it is speedily converted into HCl with evolution of oxygen. 

{OS 
OOHo* ^^'^ commercial acid of sp. gr. 1*04, dilated with 

one part of water may be used. It should leave no residue on evaporation. 
JmpifW/tev.^— Sulphuric and hydrochloric adds, lead, copper, iron, lime. 
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Tartarle Add, THos. — ^A solution is prepared when reqnired onlj, m tbe 
acid undergoes decomposition in an aqueous scdution. One part bj weight of 
commercial tartaric acid of sufficient purity is dissoWed in three parte of water 
(i.e., 1 grm. in 8 c.c. of water). 

ImpuritieM. — Tartaric acid contains sometimes gypsum and calcic tartrate, 
which are best tested for by igniting a few crystals on platinum, extracting the 
residue, if any, with a few drops of dilute HCl, and adding to one portion j£kCls^ 

to another AmHo, and | QOAmo* 

Oxalic Add, i oOHo* ^^ commeroial add is suffioienily pan. It 

should not leaye more than a trace of a residue on ignition. 

Impurities. — Iron, potaesio and sodic oxalates, lime. Dissobre one part by 

weight of the crystallised aoid, -j qoHo* "*" ^ ^'^ ^ ^^^ parts by meaeoie of 
water. 

Hydroflaoric Add, HF. — A solution stored up in a gutta-percha bottle ia 
best bought, as its preparation inyolyes expensire apparatus. It should leave no 
fixed residue on eraporation to dryness. 

Hydrofluoalllde Add, 2HF,8iF4. — A solution of this aoid in water ia 
prepared, as described, p. 138. It should be made suffidentiy slrong to precipi- 
tate a soluble baric salt readily. 

Impurities. — Owing to the mode of preparation the acid is often contaminated 
with sulphuric acid. It should not produce a precipitate in a solution of a 
strontic sialt (SOjHos). 

HydroMilpliarte Add, SB's. — ^Prepared when required. In well ap- 
pointed laboratories sulphuretted hydrogen is now usually stored in a sasholder 
over oil, and supplied like coal gas from small taps, in closets, connected with the 
chimney. The gas, whether obtained from a constant generating apparatua, or 
from a gasholder, should invariably be passed through a wash-bc^le containing 
water. A saturated solution of sulphuretted hydrogen in water answers moat 
purposes of the analyst. It should be kept in a well-stoppered botUe, sinea 
sulphuretted hydrogen decomposes rapidly when in contact with air with forma- 
tion of sulphur acids and precipitation of white si^hur. 

If the gas be required entirely free from Aatfg, it should be generated by 
acting with pure HCl (concentratea) upon native ^rey antimony^ Bbfi^ 

BASES AND METALS. 

Fotatalc Hydrate,* KHo, or Aodle Hydrate, KaHo.^Usaally obtained 
in commerce in the form of sticks or lumps, which may be diaaolved in twenty 
parts of water. 

Impurities.-^BiDic^ alumina, phosphoric, sulphuric, and hydrochlorio acida 
(sulphates and chlorides, often in not inconsiaerable quantities), and oarbonie 
acid. On dissolving in wat«r, and allowing the suspended matter to aubaide, the 
clear solution may hi s^honed off. 

Pure sodic hydrate is indispensable for the separation of alumina horn the 
oxides of iron and chromium. 

Anmonle Hydrate,* AmHo. — The '«9*o** ammonia of commeroe, sp. gr. 
*88, is diluted with distilled water till the liquid has a sp. gr. of "96 » 10 per 

cent, of NHf 

Impurities. — ^A solution of ammonia should be colourless ; on nentnJiaing 
with pure HCl it should remain inodorous. When evaporated in a glass or 
platinum dish, it should not leave any residue. Ammonia containa frequently 
traces of sulphuric and hydrochloric acids, and sometiniea not ineonaideiahM 
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qnantitiet of «minoiiio ourbooate, when it piodnoet • white precipitate on the 
addition of lime water. 

Bmrie Hydrate,* BaHoa. — Obtained by dissolying in a stoppered bottle 
one part of crystallized baric hydrate, BaHoj •«- 8aq. in twenty parte of water. 
Allow to sabfide and syphon off into another well-stoppered bottle. 

Impurities. — ^The solution commonly called baiyta-waier should, on precipi- 
tating with pure SO2H09, gire a filtrate which leayes no fixed residue on eyapo- 
rating to dryness in a platinum resseL 

Calde Hydrate,* OaHo^. — Freshly slaked lime in powder is used in 
qnalitatiye analysis, as well as a solution of lime, so-called lime-water. This is 
prepared by dissoMng in cold dbtilled water some freshly slaked lime, allowing 
to subside m a stoppered bottle, and syphoning off the clear liquid into another 
bottle. Lime-water contains about 1 part of lime dissolred in 600 of water. 

AHm«Bl« Sulphide,* BAm^. — ^Prepared by saturating three parts of 
ammonio hydrate with sulphuretted hydrogen gas, whereby SHAm is formed. 
On dilating this solution of hydrio ammonic sulphide with two parts of ammonio 
hydrate, a sulphide is obtained which contains a little free ammonia. The con- 
centrated solution may be diluted with ten times its bulk of water. It should be 
kept in well-stoppered bottles. Calcic or magnesio salts should not be precipi- 
tated ; nor should the solution leave a residue on eyaporation and ignition. 1^0 
oxygen of the air decomposes it gradually into NHf, OHj and yellow SSAmj. 

Yellow AnmoBle Snlphlde, SSAmj. — Used for the solution and con- 
yersion of SnS into SnSs. It may be prepared by digesting the neutral SAm^ 
with flowers of sulphur and filtering the liquid. 

Sodle Sulphide, SNaj. — ^Prepared by saturating one portion of a solution 
of Bodic hydrate with sulphuretted hydrogen, and adding to it the second portion. 
A little ferrous sulphide, which is generally precipitated, is filtered off. The 
■olation must be kept in a well-stoppered bottle. 

SALTS. 

FoteMle Snlphate, SOsEoa. — Dissolye one part of the commercial salt 
in twelye parts of water. 

Fotaaale Iodide, EI. — ^The commercial salt is generally sufficiently pure. 
Dissolye in sixty parts of water. Pure £1 should be free from ioiate and 
carbonate. It should not colour starch paste blue on the addition of dilute 
flOiHof. 

Fotesale IVltrlte, 2f OEo. — ^Dissolye one part of the commercial salt in two 
parts of water, when required for use. 

Foteaale Chronuite, OrOsKo^. — Dissolye the salt of commerce in ten 
parts of water. 

Impuritiee. — Sulphuric acid. The solution ought not to become turbid on 
the addition of dUute HCl and BaClj. 

DIpotesate Dlehromatet OrjO^Koj. — Purify the commercial salt by re- 
oiystallisation till it is free from SOjKos, and dissolye one part in ten of water.. 

Fotaaale Hetantlaioiilate, SbOjKo -t- 5 aq. — ^Prepared by defiagratinff 
in a Hessian crucible one part of finely powdered antimony with four parts of 
saltpetre. Pour the fused mass on a stone slab. Powder it, and boil witn tweWe 
parts of water for two or three houn, and filter, when a clear and neutral solution 
is obtained. KCl and AmCl should not precipitate it. 

Fotaaale FerroeyaDlde,* E4FeCy6, and Ferrieyanlde, EcFesCyis.— 
These salts can be purchased in a state of sufficient purity. They are dissolyed, 
in small quantities at a time, in twelye parts of water. 
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FQtesals «ttlph«cfaiiate, CyEs, 

pjAms. — DiBsolye in 10 parts of water. 

Impuritieg, such as SO^Oj, do not interCere with ibe reactions. 

Bodle CarbODAte,* OONtLOa^^^Frocmre tbe pure salt, which should be frae 
from sulphate and chloride. The solution should not give a pre^oitate afltttr 
oonTersion into a nitrate, when treated with oonoentrated WUiHo . and 
ICoOsAmos, and ^ould not kare a residue, insdable in water, on iiindniatiing 

with pure HCl and eyaporating to dryness (SIO^. 
Dissolye the dry salt in fiye parts of water. 

Hydrle Dls#«l« FhMplmte,* FOHoNa<h -«• 12 aq.— BeerystaUiae the 
eommercial salt and dissolye one part of pare salt in ten parte of water. 

Impuritiet, — Sulphate and chloride. — ^Anunonio hydrate should not oanae 
any turbidity on warming (alkaline earthy phosphates). 

{OH 
OONao '*' ^ ^' — '^^ commerBial salt geiMndly eeokains 

aodio sulphate. If a pure salt cannot be procured, todio acetate may be prepared 
by neutraUsing pure sodio carbonate with pure acetic acid. DissoWe the salt in 
ten parts of water. 

8odlc Acetate and Aeette Aeld. — Dissolye 80 gnns. of pure crrstal- 

OONao ^ ^^ ^'^' ^ ^9ierf and add 40 co. of concentrated 

{OH 
OOHo* '^^^^^ Bidntion is used for the preoq^itilBon el CavriCy alwnisic^ and 

chromic phosphates. 

Hydrtc 8odlc Sulphite, SOHoNao. — Dissolye one part of the salt in 
fiye parts of water. Hydric ammonio sulphite may frequently be used with 
greater advantage. 

Aodle Hyposulphite, SSOKaos + 5 aq. — Beadily procurable in a puie 
state. Dissolye one part of the salt in forty parts of water. 

Aodle Hypochlorite, GlNao«— Prepared by shaking up one part of bleach- 
ing powder with ten parts of water, and adding a saturated solution of oommer- 
ciu sodic carbonate as long as a precipitate is produced. ADow to subside, and 
syphon off. 

AuiUionlc Oxalate,* -j ^QAmo '*' ^''^^^^^ ^® commercial nit by 

recrystallisation and dissolye one part in twen^-four parts of water. 

Impurities. — ^The salt should leave no fixed residue on ignition. 8al- 
phuretted hydrogen or ammonic sulj^ide ought nd to produoe a tnrlMdi^ or a 
precipitate. 

Amnionic Carbonate,* OOAmoa. — Prepared by distolTing one part ef the 

commercial sesquicarbonate, after scraping off from the lumps any ioreiga 
matter, in four parts of water and adding one part of strong ammonia solution. 
If a precipitate of ferric hydrate be thrown down, it is allowed to aub6ide« and 
Uie clear solution is synhoned off. 

TmpurHies.— Iron, lead, sulphuric and hydroohlorie o^s. The salt should 
Tolatillze completely and giye no precipitate with baric chloride, or argentie 
nitrate (after acidulating with hydrochloric or nitric acid reapeotiye]y)» alio no 
precipitate with sulphuretted hydrogen or ammonic sulphide. 

Hydrle Amnionle Carhonate, OOHoAmo. — Obtained in coloiirieM 

rhombic prisms, on passing earbonio anhydride to supersatnratkMi into a 
concentrated solution of ammonia. The salt is employed for the separatioa 
of Aos^s from Sb^s and SnSi. A saturated solution is prepared when 
required. 

▲■mtonle Chloride,* AmCl. — ^The oommeroial.MU {salpanuaonko} nraallj 
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oontofaw ixon. Purify bj adding to the solutioii a little ammomc hydrate. 
Allow the ferric hydrate to subside and neutralijBe the alkaline filtrate exactly 
with pure HCl. The salt ahonld leayeno fixed residue on ignition. Dissolre in 
flfe parts of water. 

Ammonle Holybdatet lCo02Amo2. — ^This salt may be purchased. It is 
dissolred in strong ammonia and allowed to stand for some time. A slight yellow 
precipitate containing ferric hydrate usually subsides. The clear fluid is poured 
into ooncentmted nitric acid as long as the molybdio acid which at first preck- 
pitates is entirely redissolved. The nitric acid solution should remain colourless 
on boiling. A yellow precipitate indicates oontan\ination with phosphoric acid, 
aad the reagent ehonld not be used, till it remains dear on digeation. 

Ammonlc Sulphate, SOsAmo^. — ^Becrystallize the commercial salt from an 
ammoniaoal solution in order to separate iron. Keep a saturated solution for use. 

Amnmile Nltmte, NO^Amo. — ^The commercial salt is dissolved, when 
xeqnirad, to a satuiated solution. It ahould leare no residne when ignked on 
platinom. 

Baric Chloride,* BaCl2 + ^ aq.— The commercial salt is rarely pure 
enough, and not unfrequently contains lead. It should not give a precipitate 
with sulphuretted hydrogen or ammonic sulphide, nor should a vesidue be left 
after precipitating the whole of the barium by pure sulphuric acid and eyapo* 
rating the filtrate in a platinum dish. Purify, if necessary, by passing a current 
of su^huretted hydrogen, filtering and reciystallizing. DissolTe in ten parts of 
water. 

Baric TVltrate, 2f304Bao''. — Should not be precipitated by argentic 
tntrate, as it is sometimes employed, instead of baric onloride, in order to avoid 
introducing any chlorine into a solution. Pure baric acetate answers the same 
purpose. For other impurities, test as for baric chloride. Dissolve one part in 
15 parts of water. 

Baric Carhonatc,* OOBao". — Prepared by nreoinitation of pure baric 
chloride with ammonic carbonate and AmHo. Wasn well till free from AmCl ; 
atir up the precipitated baric carbonate with water to a thick creamy con- 
nstency, and keep it for use in a stoppered bottle. Shake up before using this 
reagent. 

Calde Chlarldc,* OaOlf + 6 aq. — ^The commercial salt is dissolved in fire 
parts of water. The solution should be neutral to test-papers, and should not be 
precipitated by ammonic sulphide (iron). 

Calcic Salphatc, SO^Cao''. — ^A saturated solution is prepared by re- 
peatedly shaking up gypsum (SOHosCao'' -f aq.) with water, allowing to subside, 
and syphoning ofi" the clear Uquid. 

Haffncslc Sulphate.— Dissolve the eommemal aalt (SOHoaMgo'' + 6aq.) 
(reciystallized, if necessaiy), in ten parts of water. 

Kairneala Hlzturc. — Dissolve 55 gms. of crystallized KflrCls in distilled 
water, add 70 grms. of AmCl and 350 c.c. of concentrated solution of ammoniQ 
hydrate, and make up to 1 litre. 

Fcrrona Sulphate. — The commercial salt (SOKosFeo'' + 6 aq.), is pure 
enough. Dissolve as required for use in ten parts of water. 

Ferric Chloride,* FeiCle. — Prepared by dissolving freshly precipitated 
and well washed Fe^Hoe in pure HCl, keeping the ferric hydrate in excess. 
Allow to cool, dilute with an equal bulk of water and filter. 

Plnaihle AcetatCp* ( | ^Qy Pbo". Disaolm the oooimerMl nit ia ten 

parts ai water. 

Arvcntle Wltratc,* H02A^. — ^Prepared either from silver (pure), or from 
a silver alloy (a silver coin), by dissolving in pure nitric acid, and precipitation as 
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AgCl. Filter off the oupric salt, and wash thoroughly with hot water ; transfer 
to a porcelain dlBh, and introduce dean Btrips of zinc. Collect the finely diyided 
BilTer on a filter, wash thoroughly with hot water, acidulated with a little sul- 
phuric add, and dissoWe in dilute nitric add. Eyaporate the solution to dryness, 
and fuse the residue gently. Dissolye in twenty parts of water. 

■erenr#u8 WItnite. — Dissolve the crystals of the conunercial salt, 
^Q^Hg^'^ + 2 aq., in 20 parts of cold water, acidulated with 1*2 part of nitrio 
add. Keep some metallic mercury in the filtered solution. 

Mercnrls Chloride, HgCls. — Dissolve the commercial oorrosive sublimate 
in twenty parts of water. 

Neaaler'a flolDtlon. — Dissolve 8*5 grms. of KI in 10 c.o. of water ; next 
dissolve 1*6 grm. of HffOl^ in 30 c.c. of water ; add the mercury solution gradii- 
ally, and with continuous agitation to the solution of potassic iodide, until the 

Srecipitate ceases to be re-dissolved ; then add 60 c.c. of potassic hydrate and 
Iter. Keep in a small bottle, out of contact with ammonia fumes. 
This reagent is of great value for the detection of mere traces of ammonia. 

Cvprle Anlphate. — The commercial salt (SOHoiCuo'' + 4 aq.) is purified 
by repeated crystallisation. Dissolve the ciystab in ten parts of water. 
Impurities. — Iron, zinc. 

Gnprle Chloride, OaCl]. — ^Prepared by dissolving cupric oxide in HCL 

Caprons Chloride, 'On'sOl]. — Obtained by digesting OuCl] with metalUo 
copper and HCl. 

Stannous Chloride, SnClj. — ^Prepared by boiling pure mnulated tin in 
concentrated HCl, with the aid of a piece of platinum foil Dilute with four 
volumes of water, acidulated with HCL Keep the filtered solution over grann- 
lated tin in a small stoppered bottle. 

Anrie Chloride, AnCls- — Prepared by dissolving pure gold in aqua regia, 
evaporating to dryness on a water-bath and dissolving in water. 

Flatinle Chloride, Pt()l«- — ^Dissolve some platinum scraps in aqua regio. 
Precipitate with AmCl. Collect precipitate on a Swedish filter-paper; wash 
with strong alcohol ; dry and ignite in a porcelain crucible, genUy at fint, and 
lastly to intense redness. Redissolve the spon^ platinum in >qua regia. Evapo- 
rate repeatedly to dryness on a water-bath, with addition of HCL Dissolve in 
ten parts of water. Pure platinic chloride should dissolve completely to pure 
alcohol. 

METALS AND OXIDES. 

ZittCy free from arsenic, granulated, and in the form of strips or sticks. 

Iron (steel) t copper, tin, lead, platinum (used in the form of wire, bars, sheet, 
turnings) and mercury can be obtained of sufficient purity for the purposes of 
qualitative analysis. 

Hetnllle Lead free front flllTer.^Preparedby predpitationof plumbie 
acetate by metallic zinc. 

Plnmble Dioxide, FbOg. — Beadily prepared by digesting nd lead in 
boiling dilute nitric add. The brown powder is well vnuhed by decantation, and 
lastly on the filter. 

Hansanle Dioxide, MnOs — ^Use the powdered oommerdal Uaok oxide. 

Hydrie Ferozlde, OJIp or H09. — A solution may be prepared bv passing 
a current of carbonic anhvdride through water in which baric pefoxiae is sus- 
pended. The predpitated baric carbonate i» filtersd off. 
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BeagerUs used far Fusions aiidfor Blowpipe BeacUons. 

••Ale GarbOBAte,* OONaoj. — Should be free from sulphate snd chloride. 

Fuilon Mixture* or White Flux. — Consisting of dry OONaojand 
OOEos, mixed in the proportion of their combining weights, ».e., 106 + IdS, or 
in the proportion of 10 to 13. 

Pure carbonates free from silica, chlorides, and sulphates, should be pro- 
cured, as their purification cannot be effected without using silver and platinum 

vOBSOXS* 

Black Flux, — ^Prepared bj igniting crystals of MocheUe $aU (potassio sodio 
tartrate) in a platinum crucible. The residue consists of carbon and alkaline 
carbonates. 

■ydrle AmaioBle SfNile PhoBphate,* POHoAmoKao + 8 aq. (Hlcro- 
eoamle Bait). — The salt should be dried and used in the form of a powder. 
On being heated in a loop of platinum wire it is converted into FOgNao. 

Fotaaslc Cyanide,* KCj. — Exceedingly useful for reducing metallic oxides 
and sulphides, either in the crucible or on charcoal. For blowpipe reactions a 
mixtiure of equal parf« of KCr and OONaoj (or fusion mixture), is preferable, 
because it sinks readily into tne charcoal and yields metallic globules of great 
purity. For the separation of Ni and Go the salt is dissolved, when required, in 
twenty parts of cold water, as its aqueous solution is rapidly decomposed. 

Fotaasle Nitrate,* 2f OjEo. — Used as an oxidizing agent. The oommer- 

. cial salt should be purified by dissolving the crystals in hot water to a saturated 

solution, and allowmg to cool in a porcelain dish with continuous stirring. The 

nitrate falls out first as a fine white powder, and the impurities, e.g., phosphate, 

sulphate, or chloride, are left in the mother-liquor. 

FataMle CMorate,* 4 ^ . — ^This salt can readily be obtained pure,t.0., 

free from chloride. Either by itself, or in conjunction with hydrochloric acid, it 
serves as a powerful oxidizing agent. 

Borax,* B40(Kaos + 10 aq. — ^The crystals should be gently heated in a 
platinum crucible till the water of crystallisation has been driven off, and the 
mass kept powdered and ready for use in blowpipe reactions. 

Bydrle Fotasale Sulphate, SO^HoKo. — ^Prepared by heating in a plati- 
num dish 87 parts of normal potassic sulphate with 49 parts of pure sulpnuric 
acid, till the dear masa fuses steadily. Pour out on a porcelain slab, ana keep 
the lumps in a bottle. 

Cobalteus IVltrate, ll']04Coo''. — Used in solution only. Should be free 
from other metals. Dissolve the commercial salt in ten parts of water. 

VegeUtble Colouring Matters. — Test-papers, 

LUmms Solution, — Its preparation has been described in my Introduction to 
htorgamie CkemiHryf p. 9. 

Turmeric Paper. — ^Prepared bv digesting at a gentle heat one part of tnrmerio 
root with six parts of alcohoL Filter and soak stnps of porous paper with the 
yellow extract. The dried papm should exhibit a fine vellow tint. Like Utmns- 
papers, ihey serve for the detection of free alkalies. AU test-papers should be 
kept in well-stoppered bottles or wooden boxes. 

Indigo Solution. — Prepared by gradually stiirbig lour to six parts ci/knUng 
sulphuric acid into one part of Jlnelg divided indigo, and allowing the mixture to 
stand for 48 hours, before pouring it into 20 parts of water. Filter, and keep for 
use in a dark place. The solution of indigo is used for detecting nitric aoid, 
chloric acid, and free chlorine, owing to the formation of products ocozidation of 
a yellow ooloor. 
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APPENDIX IV. 

(A.) EXAMINATION OF A SIMPLE SALT. 

PEBLIMmAKT EXAMINATION FOE BaSB. 

Sabstance given : white crystalline, readily soluble in water, 

reaction of solution alkaline. 



Experiment. 



Heated some of the pow- 
dered substance in a dry 
test-tube* 



Treated residue with water, 
and filtered. Tested with 
litmus paper. 

Added dilute HCl. . 



Tested HCl extract on pla- 
tinum wire in a Bunsen's 
gas flame. 



Obserration. 



GaTe of water ; fused ; 
was slightly blackened ; 
gaye oft CO, burning 
with a blue flame. 

The residue dissolved ; 
the solution reacted 
strongly alkaline. 

Eflerrescence, whilst be- 
fore ignition the sub- 
stance did noteflerresce. 

Tiolet flame 



Inference. 



Oxalate, formate. 



Alkaline oxalate. 



Potassium. 



Examination of Solution for Base, 



Added HOI. 



No pp. Ab- 
sence of 


Added a solution of SH, to the same solution. 


Group I. 


No pp. Ab- 
sence of 
Ghx)up II. 


To a fresh portion of the solution added AmCl, 
AmHo, and SAm,. 




No pp. Ab- 


To the same solution added OOAmOf. 






sence of 
Group III. 






No pp. Ab- 
sence of 
Group IV. 


The solution may con- 
tain — 

MfirO, OKs, ONa,. 
Tested a &esh por- 
tion of solution spe- 
cially for K byaddmg 
HCl and FtCl4, yel- 
low crystalline preci- 
pitate. 










Pretence of K. 



248 



Pbelimiitabt Examination fob Acid. 



Experiment. 


Observation. 


Inference. 


Treated a portion of the 
powdered substance with 
concentrated SO3H02. 

Passed gases into lime- 
water and applied a light 
to the unabsorbed gas. 


00 and OO3 given off, 
with slight blackening 
of substance. 

White precipitate in lime- 
water ; gas burnt with 
blue flame. 


From decomposition of 
oxalate. 



Examination of Solution for Acid. 



Acidulated with 
HCL 


Acidulated with 
NOjHo. 


Acidulated ^th/gjlf^' 


No preoipitates. 


No precipitates. 


OaOis a white p.p. 
SOaCao" 

Presence of {ggg^- 



Found Potatsle Oxalate. 



(B.) EXAMmATION OF A COMPOUND SUBSTANCE. 

Preliminabt Examination fob Bases. 

Compound given : a dirty white powder. 



Experiment. 



Heated some of the pow- 
dered substance in a dry 
test*tube. 



Heated a portion of the 
substance, mixed with 
OONaO}, in a bulb-tube. 

Heated some of the pow- 
dered substance on char- 
coal before the blowpipe 
flame. 



Observation. 



Inference. 



Substance fused. Ghave 
heavy white fumes, 
which condensed in the 
upper part of the tube. 

Gave off reddish-brown 
fumes and a gas which 
supported combustion. 
Tlie residue was yel- 
lowish, whilst hot, dirty 
white, on cooling. 

NHa given off. Mirror 
and metallic globules. 

Substance gave off heavy 
fumes, and was partly 
reduced to the metallic 
state. The metal was 
malleable; the incrus- 
tation yellow. 

A portion of the ignited 
mass appeared strongly 
luminous. 



Compounds of Am, 
Hg, As, etc. 



From decomposition of 
nitrates of Pb, Bi, 
etc. 



Am and Hg com. 
pounds. 

Pb. 



Alkaline earthy 
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Examination of Solution fob Bases. 

Sabstance dissolved partly in water, partly in HCl, with evolution 
of COg. On mixing the two solutions, acicular crystals of 
FbGls fell out. Filtered off. Confirmed presence of lead by 
means of CrOsKos or SOaHos. 



Passed a ourrent of SH^. 



A blaok pp. 



Byaporated filtrate to dryness, with a few drops of NO^Ho. 
Took uiKwith dilute HQ. Added AmCl, AmHx>, and SAmg. 



No pp. 

Absence of Group III. 



To the same solution added OOAmOf. 



A white pp. 



On eraporatiug filtrate to 

dryness, and igniting, 

no fixed residue was 

left. 

Absence of Hff, K, Na. 



Examination of Peecipitatb produced in Geoup II. 



Washed precipitate till free from HCl, and boiled with SAm,. 



Beeidue.— Boiled with NO3H0. Diluted with OH„ and 
added dilute BOfio^ and methylated spirit. Filtered. 



Besidue. — Boiled in ammonic acetate, 
and filtered. 



Besidue. — Dried and 
Ignited in a bulb- 
l^be, with dry 
OONao,. MetaUic 
mirror and glo- 
bules. Presence 
of Hff. 



Solution. — Added 
OrOgKoj, yel- 
low precipitate. 
Pretence of 
Pb. 



Solution. — 8H3 ad- 
ded to a portion 
of solution gave no 
precipitate. Ab- 
sence of Bl, Cn, 
Cd. 



Solution. — Acidu- 
lated with dilute 
Ha. No yellow 
precipitate. Ab- 
sence of At, Sb* 
and an. 



Examination op Precipitate pboduced in Group IV. 



Dissolved precipitate in a little dilute HCl. Tested a portion of the solution 
with SOsCao'^no precipitate, even after some time. Absence of B« and Sr. 
Confirmed presence of Ca by adding to another portion of the solution AmHo 

and I QoiSo* ^ ^^^ precipitate. Presence of Cm. 
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PbeiiIhinabt Examination fob Acids. 



Experiment. 


Obseryation. 


Inference. 


Treated with dilnte HCl. 

Treated with oonoentrated 

SO3H0,. 
Confirmed HCl bj heating 

substance with MnOg 

and SO3H03. 
Ditto NO3H0 by means of 
SO3H0S and SOjFeo''. 


Efferrescence. The gas 
precipitated lime-water. 
CI and nitrous fiimes. 

Chlorine evolyed. 

A brown ring was formed. 


0(V 

HCl and NO3H0. 

HCl. 

NO3H0. 



Examination op Solution foe Acids. 

Prepared eolation by boiling some of the powder with a solution of 

CONaos; filtered, and acidulated with — 



HCl. 


NOjFo. 


rCHa 
1 COHo- 


Neutral solution. 


"So precipitates. 


NOjAgo, white curdy 
p.p., soluble in 
AmHo. Pretence 
of HCl. 


No precipitates. 


No precipitates. 



Found— Btoes : HgO, FbO, OaO, OAms. 
Adds : OO2, NOsHo, HCl. 
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After-damp 160 
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Alkali metals, gronp of 7 
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Alkalies, detection of in alumin- 
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Alloy, definition of 68 
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Alumina .... .... .... 46 

Aluminium salts 46 
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„ glance 21 

M separation from arsenic 86 
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Argentiferous fiihl ore 96 

„ galena 96 
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tinction between 81 
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Barium .... 

„ reactions of 
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bromides 118 

Chloropal 38 

Chromates 42 
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Chromic acid, reactions of .... 42 

Chromium, reaction^ of. 40 

Cinnabar 67 

Citrates 167 

Citric add, reactions of 167 

„ „ and tartaric add, dis- 
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Classification of the metals, ana- 
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Copper pyrites 

Coprolite 
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Cyanides 
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„ absorption bands of.... 216 
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Dioptase .... .... .... 63 
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Distilled water .... , 234 
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Dolomite 11, 16 



E. 
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Ether 

Ethyl 
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Fahlore .... .... ... ....66, 68 

Fatty acid series 168 

Felspar 18,46 

Ferrates.... .... .... ....34> 39 

Ferric compounds, reactions of .... 36 

Ferricnm .... .... .... 34 

Ferricyanides 162 

Ferricyanogen 146 

Ferrocyanides 160 

Ferrocyanogen .... 146 

b^errosum .... .... .... 84 

Ferrous compounds, reactions of 86 
Flint .... .... .... .... 189 

Fluoborates 144 

Fluorides, reactions of 181 

Fluorine, detection of in silicates 138 

Fluor-spar 16, 131 

Formates 168 

Formic acid, reactions of .... 168 

„ „ distinction of from 
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Galvanized iron 82 

General reagents 12 
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Glauber salt 8 
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„ extraction of. 208 
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„ method of assaying .... 88 

Green copperas 88 
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Green vitriol 88 

Grey antimony 74 
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H. 



Hiur nickel 
Hausmannite 
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21 

26 

13 
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Horseflesh ore, or yariegated 

copper .... .... .... 63 

Hyalite 139 
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Hydroferricyanic acid 152 
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Hydroflaoboric acid 144 

Hydroflaoric add 131 
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Hydrogen, antimonietted .... 86 

Hydrogen, arsenietted 84 

Hydromagnesite 11 

Hydroselenic acid 232 

Hydrosulphuric add Ill 
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"Hypo" 109 

Hypochlorites 121 
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tinction between 

Hypochlorons acid 
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Hypophosphorous acid 

Hyposulphites 

„ distinction from 

sulphites .... .... .... 

Hyposulphurous acid 
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Lime, caustic 
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•••• 


•••• 


16 


„ chloride of 


•••• 


• ••• 


122 


„ slaked 
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•••• 


•••• 


16 


„ stone 
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• ••• 
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„ water 
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Limonite 
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88 


Litharge 
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Liihianif extraction of 
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„ „ reactions of 
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Magnesite 
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„ occurrence in nature .... 8 
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Spectroscopic analysis 205 

Speiss cobalt, or smaltine .... 23 
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Steatite.... .... .... .... 11 
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C. Z. Bloxam 

CHEMISTRY, INORGANIC and ORGANIC: 

With Experiments. By Charles L. Bloxam, Professor of Chemistry in 
King's College, London ; Professor of Chemistry in the Department for 
Artillery Studies, Woolwich. Second Edition. With 295 Engravings on 
Wood . . . . . . 8vo, i6s. 

*«* It has been the author's endeavour to produce a Treatise on ghemistry sufficiently 
comprehensive for those studying the science as a branch of genenJ education, and one 
which a student may peruse with advantage before commencing his chemical studies at 
one of the colleges or medical schools, where he will abandon it for the more advanced 
work placed in his hands by the professor. The special attention devoted to Metallurgy 
and some other branches of Applied Chemistry renders the work especially useful to those 
who are being educated for employment in manufacture. 



'* Professor Bloxam has given us a most 
excellent and useful practical treatise. His 
666 pages are crowded with facts and expe- 
riments, nearly all well chosen, and many 
quite new, even to scientific men. . . It 



is astonishing how much information he often 
conveys in a few parajpjaphs. We might 
quote fifty instances of this." — Chemical 
News, 



By the same Author 

LABORATORY TEACHING: Or, Progressive Exerdses in 
Practical Chemistry, with Analytical Tables. Third Edition. With 89 
Engravings ..... Crown 8vo, 5 s. 6d. 



* * 



This work is intended for use in the chemical laboratory by those who are com- 
mencing the study of practical chemistry. It does not presuppose any knowledge of 
chemistry on the part of the pupil, and does not enter into any theoretical speculations. 
It dispenses with the use of all costly apparatus and chemicals, and is divided into 
separate exercises or lessons, with examples for practice, to facilitate the instruction of large 
classes. The method of instruction here followed has been adopted by the author, 
after twenty-three years' experience as a teacher in the laboratory. 
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Albert J, Bemays 

NOTES FOR STUDENTS IN CHEMISTRY: Being a 
Syllabus of Chemistry and Practical Chemistry. By Albert J. Bernays, 
Professor of Chemistry at St. Thomas's Hospital Fifth Edition, Revised. 

[Fcap 8vo, 3s. 6d. 

*«* A new feature is an Appendix giving the doses of the chief chemical preparations 
of the ''Materia Medica." 

* ' The new notation and nomenclature are book, and a dose revision of the whole.** — 
now exclusively used. We notice additional Scientific Opinion, 
notes in apparently every paragraph in the 



John E, Bowman and C. Z. Bloxam 

PRACTICAL CHEMISTRY, Including Analysis. 
By John E. Bowman and C. L. Bloxam. Sixth Edition. With 98 
Engravings on Wood . . . Fcap 8vo, 6s. ^. 

*«* The intention of this work is to furnish to the beginner a text-book of the prac- 
tical nUnutuB of the laboratory. The various processes employed in analysis, or which 
have been devised for the illustration of the principles of the science, are explahied in Ian- 
gua^ as simple as possible. This edition has been embellished with a large number of 
additional wood engravings from sketches made in the laboratory. 



J. Campbell Brown 

ANALYTICAL TABLES for STUDENTS of PRACTICAL 

CHEMISTRY. By J. CAMPBELL Brown, D.Sc Lond., F.C.S. 

# [8v0| 2S. 6d. 

— ^ 

Frank Clowes 

PRACTICAL CHEMISTRY AND QUALITATIVE 
INORGANIC ANALYSIS. By Frank Clowes, B. Sc. Lond., F.CS. 
Lond. and Berlin, Science Master at Queenwood College. With Engravings. 

[Crown 8vo, 7s. od. 

I" *«* This work is an Elementary Treatise specially adapted for use in the Laboratories 
of Schools and Colleges, and by beginners. 



G, Fownes 

A MANUAL OF ELEMENTARY CHEMISTRY, 

Theoretical and Practical, By G. Fownes, F.R.S. Edited by Henry Watts, 
B.A., F.R.S. Eleventh Edition. With Wood Engravings. Crown 8vo, 15s. 



Remigtus Fresenius 

QUALITATIVE ANALYSIS. By C. Remigius Fresenius. 

Edited by Arthur Vacher. Eighth Edition, with Coloured Plate of Spectra 
and Wood Engravings .... 8vo, 12& 6d. 

By the same Author 

QUANTITATIVE ANALYSIS. Edited by Arthur Vacher. 

Sixth Edition (reprinted from the Fourth), with Wood Engravings. 8vo, i8s« 
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Robert Galloway 

THE FIRST STEP IN CHEMISTRY : A New Method for 
Teaching the Elements of the Science. - By Robert Galloway, Professor 
of Applied Chemistry in the Royal College of Science for Ireland. Fourth 
Edition, with Engravings . . . Fcap 8vo, 6s. 6d. 

By the same Author 

THE SECOND STEP IN CHEMISTRY: or, the Student's 
Guide to the Higher Branches of the Science. With Engravings. 

[Fcap 8vo, IDS. 
Also 

A MANUAL OF QUALITATIVE ANALYSIS. 

Fifth Edition, with Engravings . . Post 8vo, 8s. 6d. 

Also 

CHEMICAL TABLES : On Five large Sheets, for School and 
Lecture Rooms. Second Edition . . The Set, 4s. 6cl. 



" We can always give praise to Mr. Gal- 
loway's educational works. They are inva- 
riably written on a system and founded on 
experience, and the teaching is clear, and 
in general complete." — Chemical News, 



*' Mr. Galloway has done much to simplify 
the study of chemistry by the instructive 
manner in which he places the principal 
details of the science before lus readers.*' 
— British Medical youmaL 



T, Griffiths^ 

CHEMISTRY OF THE FOUR SEASONS : Spring, Summer, 
Autumn, Winter. By T. Griffiths. Second Edition, with Engravings. 

[Fcap 8vo, 7s. 6d. 

U, J. Kay-Shuttleworth 

FIRST PRINCIPLES OF MODERN CHEMISTRY. 

By U. J. Kay-Shuttleworth, M.P. Second Edition. Crown 8vo, 4s. 6d. 

" We can recommend the book." — 
Athen<xufn. 



"Deserving wannest commendation."— 
Popular Science Reu, 



Francis Sutton 

HANDBOOK OF VOLUMETRIC ANALYSIS; 

or, the Quantitative Estimation of Chemical Substances by Measure applied 
to Liquids, Solids, and Gases. By Francis Sutton, F.C.S., Norwich. 
Third Edition. With Engravings . . 8vo. In the Press 

*^ This work l«s adapted to the requirements of pure Chemical Research, Pathological 
Chemistry, Pharmacy, Metallurgy, Manufacturing Chemistry, Photography, etc., and for 
the Valuation of Substances used in Commerce, Agriculture, and the Arts. 

"Mr. Sutton has rendered an essential service by the compilation of his work.'- — 
Chemical News, 
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IV. G. Valentin 



INTRODUCTION TO INORGANIC CHEMISTRY. By 

Wm. G. Valentin, F.C.S., Principal Demonstrator of Practical Che- 
mistry in the Royal School of Mines and Science Training Schools, 
South Kensington. With 82 Engravings .... 8vo, 6s. 6d. 

Also 

QUALITATIVE CHEMICAL ANALYSIS. Third Edition. 

With 19 Engravings 8vo, 7s. 6d. 

Also 

TAiSLES FOR THE QUALITATIVE ANALYSIS OF 

SIMPLE AND COMPOUND SUBSTANCES, both in the Dry and Wet 
Way. On indestructible paper . . . 8vOy 2s. 6d. 



/?. Wagner and W, Crookes 

HANDBOOK OF CHEMICAL TECHNOLOGY. By 

Rudolf Wagner, Ph.D., Professor of Chemical Technology at the 

University of Wurtzburg. Translated and Edited from the Eighth German 

Edition, with Extensive Additions, by William Crcx}K£S, F.R.S. 

[8vo, 25s. 



« » 



The design of this work is to show the application of the science of chemistry to 
the Tarious manufactures and industries. The subjects are treated of in eight divisions, 
as follows : — i. Chemical Metallurgy, Alloys, and Preparations mkde and obtained from 
Metals. 2. Crude Materials and Products of Chemical Industry. 3. Glass, Ceramic 
Ware, Gypsum, Lime, Mortar. 4. Vegetable Fibres. 5. Animal Substances. 6. Dye- 
ing and Calioo Printing. 7. Artificial Laght. 8. Fuel and Heating Apparatus. 



"Full and exact in its information on 
almost every point." — Engineer, 

" This. book will permanently take its 
place among our manuals." — Nature, 



" Mr, Crookes deserves praise, not only 
for the excellence of his translation, but 
also for the original matter he has added." 
— American Journal 0/ Science and Arte, 



C. D. F. Phaiips 

MATERIA MEDICA AND THERAPEUTICS: VEGE- 
TABLE KINGDOM. By Charles D. F. Phillips, M.D. 8vo, 15s. 

" It is the gre&t distinction of this book that an amount of space is given in it to care- 
ful discussion of the physiological and the therapeutical actions of drugs greater than has 
been given in any previous English text-book of Materia Medica."~7Vnr/^^iMr. 
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J". Forbes Royle and F, W. Headland 

A MANUAL OF MATERIA MEDICA By J. Forbes 

Royle, M.D., F.R.S., and F. W. Headland, M.D., F.L.S. Fifth Edition, 
with Engravings on Wood Fcap 8vo, 12s. 6d. 



' 'This Manual is, to our mindB, nnrivalled 
in any language for condensation, accuracy, 



and completeness of information." — British 
Medical Journal, 



J. C. Tharowgood 
THE STUDENTS GUIDE TO MATERIA MEDICA. 

Including the New Additions to the British Pharmacopoeia. By John C. 
Thorowgood, M.D. Lond., Lecturer on Materia Medica at the Middlesex 
Hospital ..... Fcap 8vo^ 6s. 6d. 

" Students can hardly hope for a more serviceable text-book." — Praetitioner, 



Adolphe Wahltuch 

A DICTIONARY OF MATERIA MEDICA AND THERA- 
PEUTlCS. By Adolphe Wahltuch, M.D. . . . 8vo, 15s. 

*«* The purpose of this work is to give a tabular arrangement of all drugs specified in 
the British Fharmacopceia of 1867. Every table is divided into six parts : — (i) TAe 
Name and Synonyms ; (2) Character and Properties or Composition ; (3) Physiological 
Effects and Therapeutics; (4) Form and Doses; (5) Preparations ; (6) Prescriptions, 
Other matter elucidatory of the Pharmacopoeia is added to the work. 

" A very handy book."— Ztf«rrf. 



R. V, Tuson 

COOLEY'S CYCLOPiEDIA OF PRACTICAL 

RECEIPTS, PROCESSES, AND COLLATERAL INFORMATION 
IN THE ARTS, MANUFACTURES, PROFESSIONS, AND 
TRADES : Including Pharmacy and Domestic Economy and Hygi^e. 
Designed as a Comprehensive Supplement to the Pharmacopoeias and 
General Book of Reference for the Manufacturer, Tradesman, Amateur, 
and Heads of Families. Fifth Edition, Revised an^ partly Rewritten by 
Professor Richard V. TusoN, F.C.S., assisted '^j several Scientific 
Contributors ..... 8vo, 28s. 



'* A much improved edition. . . . 
Long recognised as a general book of re- 
ference." — Times. 

''The book is of considerable value for 
household use, as well as professional pur* 
poses, for it contains a quantity of interest- 
ing information relating to the composition 



of articles in common use as food and 
medicine."— /'fl// M(dl Gazette. 

** Other of the articles, as on * brewing,' 
'bread,' etc., are specimens of what cydo- 
poedic writing should be, being concise and 
thoroughly exhaustive of the practical por- 
tion of the subject."— Vetcrittarian, 
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W. Southall 

THE ORGANIC MATERIA MEDICA OF THE BRITISH 

PHARMACOPOEIA SYSTEMATICALLY ARRANGED : Together 
with Brief Notices of the Remedies contained in the Indian and United 
States Pharmacopceias. By W. Southall, F.L.S. . Post 8vo, 2s. 6d, 



Jl B, Smith 

PHARMACEUTICAL GUIDE TO THE FIRST AND 
SECOND EXAMINATIONS, By John Barker Smith. Second 
Edition Crown 8vo, 6s. 6d* 

fiest and second examinations 
Latin *Geammae~Feactions — Heteic System — Mateeia Medica ^ Botany 
— PHAEM ACY— Chbmistey— Peesceiptions. 



John SteggaU 

FIRST LINES FOR CHEMISTS AND DRUGGISTS 

preparing for Examination at the Pharmaceutical Society. By John 
Steggaix, M.D. Third Edition i8mo, 3s. 6d. 



contents 



Notes on the British Pharmaoopoeia, the 
Substances arram^ed alphabetiodly. 

Table of Preparations, contatniiig[ Opium, 
Antimony, Mercury, and Arsemc. 

Classification of Plants. 



Thermometers. 
Soedfic Gravity, 
"heights and Measures. 
Questions on Pharmaceutical Chemistry 
and Materia Medica. 



Peter Squire 

COMPANION TO THE BRITISH PHARMACOPCEIA. 

With Practical Hints on Prescribing; including a Tabular Arrangement 
of Materia Medica for Students, and a Concise Account of the Principal 
Spas of Europe. By Peter Squire, Chemist in Ordinary to the Queen 
and the Prince of Wales ; late President of the Phannaceutical Society. 
Tenth Edition 8vo, los. 6d. 

By the same Author 

PHARMACOPCEIAS OF THE LONDON HOSPITALS. 

Third Edition. Fcap 8vo, 6s, 

*«* Mr. Squire has collected all the Formulae used in twenty-two of the prindpal 
Hospitals of London, and arranged them in groups of mixtures, gargles, Ac, fta These 
Formulae were revised and approved by the medical staff of each of the Hospitals, and 
may therefore be taken as an excellent guide to the medical practitioner, both as to dose 
and best menstruum in prescribing. 
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J, Birkbeck Nevins 

THE PRESCRIBER'S ANALYSIS OF THE BRITISH 
PHARMACOPOEIA. By J. Birkbeck Nevins, M.D. Lond., Lecturer on 
Materia Medica in the Liverpool Royal Infirmary Medical School. Third 
Edition, Revised and Enlarged .... Royal 32mo, 3s. 6d. 



THE PRESCRIBER'S PHARMACOPCEIA : The Medicines 
arranged in Classes according to their Action, with their Composition 
and Doses. By A Practising Physician. Fifth Edition. 

[Fcap i6mo, cloth, 2s. 6d.; roan, with flap and elastic band, 3s. 6d. 

Jonathan Pereira 
SELECTA E PRiESCRIPTIS : Containing Lists of the Terms, 
Phrases, Contractions, and Abbreviations used in Prescriptions, with Ex- 
planatory Notes ; the Grammatical Construction of Prescriptions ; Rules 
for the Pronunciation of Pharmaceutical Terms ; a Prosodiacal Vocabulary 
of the Names of Drugs, &c. ; and a Series of Abbreviated Prescriptions 
illustrating the use of the preceding terms. To which is added a Key, con- 
taining the Prescriptions in an Unabbreviated Form, with a Literal Trans- 
lation for the Use of Medical and Pharmaceutical Students. By Jonathan 
Pereira, M.D., F.R.S. Sixteenth Edition .... 32mo, 5s. 



Henry Beasley 

THE POCKET FORMULARY AND SYNOPSIS 

OF THE BRITISH AND FOREIGN PHARMACOPOEIAS: Compris- 
ing Standard and approved Formulae for the Preparations and Compounds 
employed in Medical Practice. By Henry Beasley. Ninth Edition. 

[i8mo, 6s. 
By the same Author 

THE DRUGGIST'S GENERAL RECEIPT-BOOK: 

Comprising a Copious Veterinary Formulary and Table of Veterinary 
Materia Medica ; Patent and Proprietary Medicines, Druggists' Nostrums, 
&c. ; Perfimiery, Skin Cosmetics, Hair Cosmetics, and Teeth Cosmetics ; 
Beverages, Dietetic Articles and Condiments; Trade Chemicals, Mis- 
cellaneous Preparations and Compounds used in the Arts, &c. ; with useful 
Memoranda and Tables. Seventh Edition .... i8mo, 6s. 

Also 

THE BOOK OF PRESCRIPTIONS : Containing 3,000 Pre- 
scriptions collected from the Practice of the most eminent Phy^cians and 
Suigeons, English and Foreign. Fourth Edition . . . i8mo, 6s. 



"Mr. Beasley's 'Pocket Formulary,' 
' Druggist's Reoeipt-Book,' and ' Book of 
Prescriptions' form a compact library of 



reference admirably suited for the dispens- 
ing desk." — Chemist and Druggist, 
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F, H. Lescher 

AN INTRODUCTION to the ELEMENTS of PHARMACY. 

By F. Harwood Lescher. Fourth Edition . 8vo, 7s. 6d. 

• 

Sec. I. Materia Medica : CSiai-acteristics of Drugs ; Geographical Soarces ; Detcc- 
tion of Spurious Specimens. 
II. Botany : Sketch of Organs, with their Functions ; Groupings of the 
Characteristics; Natural Orders. 

III. Chemistry : Outline of Physics ; Simple Primary Analysis ; Detection of 

Adulterations ; Poisons — ^Tests and Antidotes ; Organic and Inorganic 
Chemicals. 

IV. Pharmacy : Pharmacopoeia ; Preparations ; Active Ingredients. 

V. Prescriptions : The Latin Language ; Examples, with Errors and Unusoal 
Doses; Tables- of Doses. 
VI. Practical Dispensing : Groupings of Strengths of Solutions ; Emulaons ; 
Pills, &c. ; Changes in Mixtures. 



A S. Proctor 

LECTURES ON PRACTICAL PHARMACY. 

By Barnard S. Proctor, Lecturer on Pharmacy at the College of Medi- 
cine, Newcastle-on-Tyne; With 43 Wood Engravings . 8vo, 12s. 

contents 

Drying—Comminution—Solution— Crystallisation— Precipitation— Diffusion in Liquids, 
Dialysis, Osmosis, &c. — Evaporation, Boiling, Fusion, and Calcination — Distillation and 
Sublimation — Filtration and Percolation— Official Pharmacy — Official Liquors or Solu- 
tions—Official Infusions and Decoctions — Extracts— Spirits, Tinctures, Wines, Vinegars, 
Liniments— Official Products of Distillation and Sublimation — Official Products of Fusion 
— Official Saline Preparations, &c., Crystallised, Precipitated, Scaled, or Granulated — 
Complex Processes — Dispensing— Reading Autograph Prescriptions — Pills — Powders, 
Ointments, Plasters, Suppositories, &c. —Qualitative Tests of the Pharmacopceia — Quan- 
titative Testing of the Pharmacopceia— Pharmacy of Special Drugs. 

"A good specimen of a treatise on Chemistry as applied to a special art." — Chemical 
Nexvs» 



William Stowe 

A TOXICOLOGICAL CHART, Exhibiting at one view the 

Symptoms, Treatment, and Mode of Detecting the Various Poisons^ 
Mineral, Vegetable, and Animal. To which are added concise Directions 
for the Treatment of Suspended Animation. By William Stowk, 
M.R.C»S.E. Thirteenth Edition .... Sheet, 2s. ; Roller, 5s. 



G. C IVittstein 

PRACTICAL PHARMACEUTICAL CHEMISTRY: An 

Explanation of Chemical and Pharmaceutical Processes ; with the Methods 
of Testing the Purity of the Preparations, deduced from Original Experi- 
ments.^ By Dr. G. C. WiTTSTEiN. Translated from the Second German 
Edition by Stephen Darby i8mo, 6s. 

" It would be impossible too strongly to recommend this work to the beginner, for the 
completeness of its explanations, by following which he will become well grounded 
in practical chemistry." — Fr^m the Introduction by Dr. Buchner. 
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Frazer and Green 

THE DRUGGIST'S STOCK AND PRICE BOOK. 

Comprising the Drugs, Sundries, and Proprietary Articles in general use, 
with Ruled Columns for Stock-taking Purposes, and for recording the Cost 
and Retail Price of every Article kept in Stock. Arranged by Frazer 
and Green, Pharmaceutical Chemists to the Queen, Glasgow. 8vo, 3s. 6d. 



THE PHARMACEUTICAL JOURNAL AND TRANSAC- 
TIONS. Published weekly Price 4d. 



THE YEAR-BOOK OF PHARMACY: Containing the 
Proceedings at the Yearly Meeting of the British Pharmaceutical Con- 
ference, and a Report on the Progress of Pharmacy, which includes notices 
of all Pharmaceutical Papers, new Processes, Preparations, and Formulae 
published throughout the world. Published annually. 

[8vo, 1870^ '71, '72, 7s. 6d. each ; 1873, ^os. 



R. V. Tuson 

A PHARMACOPCEIA, INCLUDING THE OUTLINES OF 

MATERIA MEDICA AND THERAPEUTICS, for the Use of Prac- 
titioners and Students of Veterinary Medicine. By Richard V. Tuson, 
F.C.S., Professor of Chemistry and Materia Medica at the Royal 
Veterinary College. Second Edition 7s. 6d. 

want in veterinary literature." — Chemist 



'* Not only practitioners and students of 
veterinary medicine, but chemists and 
druggists will find that this book supplies a 



and Druggist, 



Robert Bentley 

A MANUAL OF BOTANY: Including the Structure, Func- 
tions, Classifications, Properties, and uses of Plants. By Robert 
Bentley, F.L.S., Professor of Botany, King's College, and to the Pharma- 
ceutical Society. Third Edition, with 1,138 Wood Engravings. 

[Crown 8vo, 14s. 

"As the standard manual of botany its position is undisputed." — Chemist and 
Druggist, 

F, Kohlrautch 

AN INTRODUCTION TO PHYSICAL MEASUREMENTS, 

With Appendices on Absolute Electrical Measurement, etc. By Dr. F. 
KOHLRAUSCH. Translated from the Second German Edition by T. H. 
Waller, B.A., B. Sc, and H. R* Procter, F.CS. With Engravings. 

[8vo, I2S. 
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W. B. Carpenter 

THE MICROSCOPE AND ITS REVELATIONS. By 
W. B. Carpenter, M.D., F.R.S. Fifth Edition, with more than 500 Wood 
Engravings Crown 8vo. Just ready. 

*«* The author has aimed to combine within a moderate compass that information in 
regard to the use of his instrument and its appliances, which is most essential to the 
working microscopist, with such an account of the objects best fitted for his study as may 
qualify him to comprehend what he observes, and thus prepare him to benefit science, 
whilst expanding and refreshiog his own mind. 



J. H. Martin 

A MANUAL OF MICROSCOPIC MOUNTING ; with Notes 

on the Collection and Examination of Objects. By John H. Martin, 
author of " Microscopic Objects.'' With upwards of 100 Engravings. 

[8vo, 7s. 6d. 

*«* The aim of this work is to supply the student with a concise manual of the prin- 
ciples of microscopic mounting, and to assist his progress in the manual dexterity, as far 
as illustrations and words render it possible, necessary in their application. 



THE QUARTERLY JOURNAL OF MICROSCOPICAL 

SCIENCE. (Established in 1852.) Edited by Dr. J. F. Payne, Assistant- 
Physician at St. Thomas's Hospital ; Mr. E. Ray Lankester, Fellow of 
Exeter College, Oxford ; and W. T. Thiselton Dyer, Professor of Botany 
to the Royal Horticultural Society. 

[Annual Subscription, 16s. ; Single Numbers, 4s. 

*«* The Memoirs are, when needful, illustrated by Lithographic Plates, many of which 
are Coloured. The Journal contains, in addition, Notes and Memoranda, Reviews of 
Books, Quarterly Chronicle, and Proceedings of Societies. 

J. Fayrer 

THE THANATOPHIDIA OF INDIA; being a Description 
of the Venomous Snakes of the Indian Peninsula. With an Account of 
the Influence of their Poison on Life, and a Series of Experiments. By 
J. Fayrer, M.D., C.S.I., Honorary Physician to the Queen ; late President 
of the Asiatic Society of Bengal. Second Edition, with 31 Plates (28 
Coloured) Folio, 7/. 7s. 



W. Whalley 

THE HUMAN EYE, WITH REMARKS ON THE EYES 
OF INFERIOR ANIMALS : A Popular Description. ByW.WHALLEV, 
M.R.C.S. With 40 Engravings . . . Fcap 8vo, 3s. 
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A, Chauveau and G. Fleming 
CHAUVEAU'S COMPARATIVE ANATOMY OF THE 

DOMESTICATED ANIMALS. Translated from the Second French 
Edition, and Edited by George Fleming, F.RG.S., Veterinary Surgeon, 
Royal Engineers ; Author of " Travels on Horseback in Mantchu Tartary," 
"Horse-shoes and Horse-shoeing," '^ Animal Plagues," etc. With 450 
Engravings on Wood .... 8vo, £1 lis. 6d. 

*' Mr. Fleming has earned the gratitude of the whole of his profession by presenting to 
the veterinary surgeon and student, in an English dress, one of the best and most com- 
prehensive of Continental text-books, enriched with additions which prove him to have 
been a conscientious student of the best writers on the Comparative Anatomy of the 
Mammalia. . . We have nothing but praise to bestow on the manner in which 
Mr. Fleming has performed his work.*' — MedkO'ChirurgUal Review, 



T. H. Huxley 

A MANUAL OF THE ANATOMY OF VERTEBRATED 
ANIMALS. By Prof. Huxley, LL.D., F.R*S. With numerous Engrav- 
ings [Fcap 8vo, J2S. 

By the same Author 

INTRODUCTION to the CLASSIFICATION of ANIMALS. 
With Engravings 8vo, 6s. 



W. M. Ord 

NOTES ON COMPARATIVE ANATOMY: a Syllabus of 
a Course of Lectures delivered at St. Thomas's Hospital. By William 
Miller Ord, M.B. Lond., M.R.C.P., Assistant-Physician to the Hospital, 
and Lecturer in its Medical School Crown 8vo, 5s. 



"Compact, lucid, and well arranged. 
These Notes will, if well used, he valuable 
to learners, perhaps still more so to 
teachers. " — Nature, 



* * We have gone through it carefully, and 
we are thoroughly satisfi^ with the manner 
in which the author has discharged his task.'' 
— Pifp. Science Review, 



John Shea 

A MANUAL OF ANIMAL PHYSIOLOGY. With Appendix 

of Examination Questions. By John Shea, M.D., B.A. Lond. With 
numerous Engravings Fcap 8vo, 5s. 6d. 



VESTIGES of the NATURAL HISTORY OF CREATION. 

With 100 Engravings on Wood. Eleventh Edition . Post 8vo, 7s. 6d* 
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fj, Reay Greene 

TABLES OF ZOOLOGY: indicating the Tribes, Sub-Orders, 
Orders, and Higher Groups of the Animal Kingdom, for Students, 
Lecturers, and others. By J. Reay Greene, M.D., Professor of Natural 
History in the Queen's University in Ireland. Three large sheets, 5s. 
the set ; or, mounted on canvas, with roller and varnished . . 12s. 6d. 
*«* These Tables have been carefully prepared in accordance with the present state of 

science, and with a view to remove the difficulties which arise from the various opinions 

held by different zoologists. 



Andrew Wilson 

THE STUDENT'S GUIDE TO ZOOLOGY: 
A Manual of the Principles of Zoological Science. By Andrew Wilson, 
Author of '' Elements of Zoology,'* and Lecturer on Zoology, Edinburgh. 
With Engravings Fcap 8vo, 6s. 6d. 

" It is alike lucid and well arranged." — Med, Times and Gaz, 

** Really a good book, well and clearly written.*' — £din. Med, Jour, 

** A trustworthy guide." — Lancet, 

^'The illustrations are clear, and the whole work is elegant and compact." — Med,* 
Chir, Rev, 



R, Dunglison 

MEDICAL LEXICON: A DICTIONARY OF MEDICAL 

SCIENCE. Containing a Concise Explanation of the various Subjects 
and Terms of Anatomy, Physiology, Pathology, Hygfiene, Therapeutics, 
Pharmacology, Phnrmacy, Surgery, Obstetrics, Medical Jurisprudence, and 
Dentistry, Notices of Climate and of Mineral Waters, Formulae for Officinal, 
Empirical, and Dietetic Preparations ; with the Accentuation and Etymo- 
logy of the Terms,' and the French and other Synonyms. By Robley 
Dunglison, M.D. New Edition, thoroughly Revised by Richard J. 
Dunglison, M.D. . . . Royal 8vo (1,130 pp.), 28s. 

*^* The object of the author from the outset has been to make the work an epitotne 
of the existing condition of medical science. Starting with this view, the great demand 
which has existed for the work has enabled him, in repeated revisions, to augment its 
completeness and usefulness, until at length it has attained the position of a recognised 
and standard authority. 

R, G. Mayne and J, Mayne 

MEDICAL VOCABULARY : an Explanation of all Names, 

Synonyms, Terms, and Phrases used in Medicine and the Relative 
Branches of Medical Science, giving their correct Derivation, Meaning, 
Application, and Pronunciation. Intended specially as a Book of Reference 
for the Young Student. Fourth Edition . . . Fcap 8vo, 8s. 6d. 



" We have referred to this work hundreds 
of times, and have always obtained the in- 
formation we required . . . Chemical, 



Botanical, and Pharmaoeutical Terms are 
to be found on almost every page." — 
Chemist and Druggist, 
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G. Dawson 

A MANUAL OF PHOTOGRAPHY. By George 

Dawson, M.A., Ph. D., Lecturer on Photography in King's College, London. 
Eighth Edition, with Engravings . . Fcap 8vo, 5 s. 6d. 



"The new edition of this excellent 
manual, which is founded on and incorpo- 
rates as much of Hardwich's * Photographic 
Chemistry' as is valuable in the present 
farther advanced stage of the art, retains 
its position as the best work on the subject 
for amateurs, as well as professionals. The 



many new methods and materials which 
are so frequently being introduced, make it 
essential that any book professing to keep 
up to the times must be frequently revised, 
and Dr. Dawson has in this work presented 
the subject in its most advanced position." 
--Nature^ May 29, 1873. 



Lake Price 

A MANUAL OF PHOTOGRAPHIC MANIPULATION. 

By Lake Price. Second Edition, Revised and Enlarged, with numerous 
Engravings Crown 8vo, 6s. 6d. 

*^* Amongst the Contents are the Practical Treatment of Portraits — Groups in the 
Studio — Landscapes — Groups in Open Air — Instantaneous Pictures — Animals — Architec- 
ture — ^Marine Subjects — Still Life — Copying of Pictures, Prints, Drawings, Manuscripts, 
Interiors — Stereoscopy in Microphotography, &c., and Notices of the last Inventions 
and Improvements in Lenses, Apparatus, &c 

** In these days, when nearly every Intel- desire to enter on this path, Mr. Lake 

ligent person can, after a few weeks, master Price, in the volume before us, proves 

the manipulatory details of our art-science, him3elf to be 'a guide, philosopher, and 

attention to the artistic treatment of sub- friend.' '* — TAe British yournal of Photo* 

jects is a matter for the serious considera- graphy, 

tion of the Photographer ; and to those who * 



C. Brooke 

THE ELEMENTS OF NATURAL PHILOSOPHY; By 
Charles Brooke, M.B., M.A., F.R.S. Based on the Work of the late 
Dr. GOLDING Bird. Sixth Edition, with 700 Engravings on Wood. 

[Fcap 8vo, I2S. 6d. 

CONTENTS * 

I, Elementary Laws and Properties of Matter : Internal or Molecular Forces— 
2, Properties of Masses of Matter : External Forces— 3, Statics— 4, The Mechanical 
Powers, or Simple Machines- 5, Principles of Mechanism— 6, Dynamics— 7, Hydro- 
statics — 8, Hydrodynamics— 9, Pneumatics— 10, Acoustics— 1 1, Magnetism; Diamag- 
netism— 12, Franklinic Electricity— 13, Voltaic Electricity— 14, Electro-Dynamics — 
15, Electro-Tel^;raphy— 16, Thermo-Electricity— 17, Organic Electricity— 18, Catop- 
trics and Dioptrics— 19, Chromatics— 20, Optical Instruments— 21, Polarised Light— 
22, Chemical Action of Light : Photography— 23, Thermics — ^24, Radiant Heat 



G, F. Rodwell 

NOTES ON NATURAL PHILOSOPHY: 

Lectures delivered at Guy's Hospital, by G. F. Rodwell, F.R.A.S., 
Science Master in Marlborough College. With 48 Wood Engravings. 

[Fcap 8vo, 5s. 



" As an introductory text-book for this 
Examination [the Preliminary Scientific 
(M.B.) of the University of London], it is 
quite the best one we have seen . . The 
Notes' chiefly consist of lucid and con- 
cise definitions, and everywhere bristle wiUi 



the derivations of scientific terms.*' — 
Nature, 

" A well-arranged and carefully -written 
condensation of the leading facts and prin- ' 
ciples of the chief elements of Natural 
Philosophy." — Chemical News, 



